NA by Wolf, Steven P.
Calhoun: The NPS Institutional Archive
Theses and Dissertations Thesis Collection
1982
A communications traffic flow simulation model of
the message switching system.
Wolf, Steven P.











fICATIONS TRAFFIC FLOW SIMULATION




The sis Advisor: D. C. Soger
Approved for public release, distribution unlimited
T205719

SECURITY CLASSIFICATION QP THIS PACE fWktm Doto En <•»•«*)
|
REPORT DOCUMENTATION PAGE
1 1 report numRX 2. OOVT ACCESSION NO
1. TITLE fond Sybil Ho)
.A Communications Traffic Flow Simulation
Model of the Message Switching System
7. AuTmOR<'«>
Steven P. Wolf
• PERFORMING ORGANIZATION NAME AND AOORESS
Naval Postgraduate School
Monterey, California 9 3940
II. CONTROLLING OFFICE NAME ANO AOORESS
Naval Postgraduate School
Monterey, California 93940
TT MONlTQUlNG AGENCY NAME * *.OOntSt(lt dUlotonl (nm Controlling OUleo)
READ INSTRUCTIONS
BEFORE COMPLETING FORM
1 RECIPIENT'S CATALOG NUMBER
5 TYPE OF NEPONT « Pf Rloo cOVEfttO
Master's Thesis;
October 1982
*• PERFORMING OPG. REPOPT NUMBER
• CONTRACT OP SKANT NuMSEB.f'*,
io. program element. project taskAREA A WORK UNIT NUMBERS
12. REPORT DATE
October 1982
IS NUMSER OF PAGES
172
It. SECURITY CLASS, lot ihlo raport)
UNCLASSIFIED
1S«. OECL ASSlFi CATION/ OOWNGR A OinGSCHEDULE
IS. DISTRIBUTION STATEMENT at tnl» Hopott)
Approved for public release; distribution unlimited
17 DlSTRISuTlON STATEMENT (ot tho mbatrmel onlorod In Bloc* 30, II dlllotont from Jtoport)
It. SUPPLEMENTARY NOTES
<9. KEY WOROS (Contlnuo on toworoo tldo II no<omomrr ond 'oonttfy rr block nvmbot)
COMMSTA Automation; COMMSTA San Francisco; Coast Guard
GPSS V; Traffic Flow Model; Simulation
20. ABSTRACT {Contlnv on rovoroo tldo II noeoookty tmd Idmrniltf »r block mmnbor)
A traffic flow model is designed using the General Purpose
Simulation System
_
(GPSS V) for the U.S. Coast Guard Communications
Station San Francisco
.
The architecture of the proposed Message
Switching System (MSS) is used to analyze the flow of message
traffic in the new system. This model indicates that the MSS can
adequately handle traffic loads which are currently occurring or
are foreseen to occur at this COMMSTA.
DO i jan 73 1473 EDITION OF t NOV •• IS OBSOLETE
S/N 3102-OH- 660 I |
1
SECURITY CLASSIFICATION OF THIS PAGE fWhmn Doto Sntorod)

Approved for public release, distribution unlimited




Lieutenant, United States Coast Guard
B.S., United States Coast Guard Academy, 19 7 6
Submitted in partial fulfillment of the
requirements for the degree of







A traffic flow model is designed using the General
Purpose Simulation System (GPSS V) for the U.S. Coast Guard
Communications Station San Francisco . The architecture of
the proposed Message Switching System (MSS) is used to
analyze the flow of message traffic in the new system. This
model indicates that the MSS can adequately handle traffic
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In this fast moving world of data communications
technology, the Coast Guard has found itself with a communi-
cations system that is falling far behind the state-of-the-
art systems currently available. If Coast Guard communica-
tions is to continue to meet the needs of a quickly changing
and dynamic environment , it needs to develop and implement
automated systems that will support both record and data
communications necessary in accomplishing its varied missions.
To achieve this goal, the Coast Guard has developed a
plan to prototype automated Communication Station (COMMSTA)
and Communication Center (COMMCEN) systems to meet the
following objectives [1, 2]:
1. Reduce manpower intensiveness
,
2. Establish a data collection capability,
3. Increase message capacity without personnel increases,
4. Incorporate the system within existing facilities,
5
.
Be transparent to users
,
6. Interface with existing circuits, and
7. Provide data communications.
The plan calls for the development of logical models for
a COMMSTA and COMMCEN utilizing procedures and methods that
are available with current technology and equipment
.
Concurrently, selected automated communications techniques,
11

systems, and methods that seem to have potential application
in a Coast Guard communications system will be operationally
tested and evaluated. Finally, the developed systems and
techniques will be procured and incrementally implemented at
a COMMSTA or COMMCEN . [1, 2]
The Twelfth Coast Guard District has developed an auto-
mation proposal for COMMSTA San Francisco called the Message
Switching System (MSS), which is envisioned to meet the
objectives for COMMSTA automation presented above. The
proposed MSS is the subject of evaluation in this thesis.
Chapter II will describe present COMMSTA San Francisco
operations and procedures; Chapter III will outline the
operational requirements of the MSS; Chapter IV will discuss
the collection and analysis of the baseline statistics;
Chapter V will present the development and design of the MSS
computer model used for simulating the system in an opera-
tional environment; Chapter VI contains the sensitivity
analyses that were performed on the model; and Chapter VII
will present the conclusions of this effort.
12

II. DESCRIPTION OF COMMUNICATIONS STATION SAN FRANCISCO
The following description of operations at the communica-
tions station was based upon the United States Coast Guard
Communications Station San Francisco Organization Manual. [3]
A. COMMUNICATIONS STATION OPERATIONS
1 . Operational Mission
Communications Station (COMMSTA) San Francisco is
under the operational control of the Commander, Pacific Area
(COMPACAREA) and the Commander, 12th Coast Guard District
(CCGDTWELVE) . Operational support is routinely provided to
the Commander, 11th Coast Guard District (CCGDELEVEN) , the
Commander, 13th Coast Guard District (CCGDTHIRTEEN) , and
other Coast Guard Commands . Specific operational functions
are assigned as follows:
a. Provide a rapid, reliable, and secure means to
exercise command, control, and coordination of
Coast Guard operations within the Pacific Maritime
Area .
b. Provide a rapid, reliable, and compatible means by
which other forces, including international maritime
and aeronautical commerce and the boating public,
may intercommunicate with operational commanders
whenever and wherever necessary.
c. Guard specified international distress frequencies
and respond to emergency signals on other
frequencies
.
d. Disseminate weather and hydrographic information,
storm warnings, and broadcast notice to mariners.
13

e. Participate in the AMVER program.
f. Receive weather observations from government and
non-government ships at sea.
g. Provide voice, radioteletype , and radiotelegraph
modes between operational commanders ashore and
mobile units
.
h. Provide communications support for National Marine
Fisheries Service, National Oceanographies and
Atmospheric Administration, COMSC , and other
government maritime activities.
i. Maintain proper operating practices and procedures
and exercise discipline on all Coast Guard circuits.
j . Insure a high standard of operational and military
readiness to readily amalgamate with the Navy
whenever directed by the President, and serve as
an adjunct to the Naval Communication System in
peacetime
.
k. Represent COMPACAREA as the System Control Station
(SCS) for the Pacific Area Communications System
(PACAREA COMMSYS). The specific duties of the SCS
are
:
1) Expedite traffic within the system.
2) Monitor traffic to determine and initiate
corrective action on procedural discrepancies.
3) Execute frequency shifts and guard shifts in a
timely manner to maintain communications
,
particularly during changing atmospheric
conditions or periods of disturbed propagation.
4) Resolving disputes incident to traffic handling
within the system.
5) Keep all users informed of changes to the system
operating procedures.
6) Maintain traffic load balance within the system.
7) In cases of reduced capability at any system
station, the SCS will reallocate that station's




8) When the SCS determines it is unable to meet its
operational commitments , such as during
communications failures, CASREPS, or heavy
traffic periods , the SCS can delegate partial
or total control to another COMMSTA in the
system.
1. Serve as Technical Control Station for remote MF
operations and as such assumes ultimate responsibility




a. Concept Of Operations
In order to accomplish the mission as outlined
in the previous subsection, a basic watch structure has been
established within the command to provide a full time
response capability. The communication station must remain




The Commandant of the United States Coast Guard
has authorized sufficient billets for the command to sustain
a continuous eleven-position communications watch at the
receiving site and a two-man technician watch at the trans-
mitting site (see Appendix A). Electronics and teletype
maintenance support is provided on a day work basis at the
receiver site, with qualified personnel on call around the
clock to meet emergency repair requirements. In addition,
enough support billets have been provided to maintain a
Junior Officer of the Day (JOOD) , a Duty Engineer, and a Duty
Seaman Watch at the Bachelor Enlisted Quarters ( 3EQ) /Housing
15

Area. The watchstanding allowance is based on the four-sec-
tion concept of manning. Thirteen communication watch-
standing positions have been designed into the system, but
only those operationally required are manned, A supplementary
watch system is utilized to assist in handling peak loading
conditions. During a major search and rescue (SAR) case or a
natural disaster, additional positions may require activation
utilizing available resources as necessary,
c. Watch Structure
The watch structure as illustrated in Figure 2.1
shows the command chain of operational and administrative
control. The Commanding Officer (CO) has the ultimate
responsibility to ensure a proper watch is maintained. Under
the CO, the Officer of the Day (00D) exercises control over
the transmitter and receiver site watches and the Master At
Arms (MAA)/Junior Officer of the Day (JOOD) . The MAA/JOOD
then oversee the Duty Seaman and Duty Engineer. The
Executive Officer (XO) has only administrative control
between the CO, 00D, and the MAA/JOOD.
3 . Configuration Of Facilities
The receiving site building contains approximately
8,700 square feet of space of which 3,100 square feet are
devoted to actual receiving operations . The remainder of
the building houses the command's administrative spaces,





































storerooms. Within the operations area, thirteen positions
have been configured as follows
:









f. Ship/ Shore RATT (2),
g. Marine Information Broadcast,
h. Voice,
i. Air/Ground,
j . Technical Control
,
k. Direct Printing Radio Teletype, and
1. General Purpose Space.
Nine of these positions are manned full time with
the others on a part time or "as required" basis. Each
position, except Landline, centers around an operator's
console which has been designed specifically by Collins
Radio for the function of the particular position. Each
console has the capability of addressing a special purpose
computer which controls the transmitters located at the
transmitting site building and associated transmitting
antennas
.
A total of fifty-three receivers (42 tunable
Collins 651S-1A and eleven fixed frequency R-1735/URR) are
located in the operations area and are manually controlled

by the operators. Up to four receivers may be physically
located within each console. Through console controls,
receivers are automatically patched by the operator to any
desired receiving antenna. Model 37 and Model 40 tele-
typewriters are utilized throughout the station. The
receiving antenna system consists of nine antennas as
follows
:
a. Vertical log periodic (3),
b. Horizontal log period (3),
c. Rotatable horizontal log periodic Cl), and
d. Omni-directional (2).
A 5,700 square foot building is located at the
transmitting site containing a transmitter control room,
transmitter room, and various mechanical, repair, and
storerooms. The transmitter room is sized to accommodate
24- transmitters. Seventeen 10 KW HF Collins transmitters
(URG-II system) and three 2 KW MF AN/FRT-89 transmitters
are presently installed. All transmitters are automatically
tuned, controlled, and patched to the desired antenna by
the various operators at the receiving site by means of a
special purpose computer and a high-level RF antenna matrix
physically located in the transmitter control room. Audio
and control functions between the receiver and transmitter
site are accomplished via commercially leased landlines




a. Vertical log periodic (3),
b. Horizontal log periodic (3),
c. Rotatable log periodic (1), and
d. Omni-directional (8).
Medium frequency transmitters and receivers
remotely controlled by COMMSTA San Francisco are installed
at Astoria, Oregon, and Long Beach, California.
4. COMMSTA Traffic Flow
The actual flow of traffic within the communica-
tions station is diagrammed in Appendix B. These figures
describe the possible destination of messages entering any
one of the thirteen circuits just discussed. Appendix B
was the basis for designing the actual model used in
simulating the traffic flow at the station. The details
of this design will be presented in Chapter IV.
20

III. MESSAGE SWITCHING SYSTEM OPERATIONAL REQUIREMENTS
The 12th Coast Guard District has proposed a Message
Switching System (MSS) for COMMSTA San Francisco and
operational requirements for the system have been developed
as outlined in this chapter. [M-]
A. GENERAL DESCRIPTION
The Message Switching System (MSS) is conceived to be a
semi-automatic electronic message transfer system whose
primary purpose is to provide for the receipt, temporary
storage, and subsequent transmission of messages. A
message is defined as a sequence of alphanumeric characters
and specific control function characters that convey both
information and controls which provide for the proper
operation of shipboard and land station teletype terminals.
The following positions will be connected to the MSS:
1. Position 1 MF CW
2. Position 2 MF CW
3. Position 3 HF CW
4. Position 4 Unclassified Ship/Shore RATT
5. Position 5 Classified Ship/Shora RATT
6. Position 6 Broadcast
7 . Position 7 Technical Control




Position 9 Spare Booth
10. Position 10 Air/Ground
11. Position 11 Spare
12 Landline Command and Control - Classified
Position





16. Landline WEATHER (Leased machine)
17. Landline District Loop
Classified and unclassified traffic will be handled by
the Communication Center. A provision to recognize classi-
fied headings and the ZNY signal is required to prevent
classified traffic from being sent by the MSS to an
unclassified only port. Classified traffic may only be
sent to the Command and Control and the NAVCOMPARS positions
B. MESSAGE HANDLING CAPABILITIES
The MSS control station will control and monitor all the
above circuits carrying inbound or outbound traffic to and
from the station. Initially it must be a manned position
that views all messages transmitted or received by all
positions. However, an operator control introduced by the
operator at any position is required to eliminate a message
from routinely being screened by the MSS control station.
An override of this control is also required should the MSS





Two MSS control stations are required. One station is
the primary, the other the secondary. During busy periods,
the MSS should automatically queue messages for screening
by either control station operator.
Messages must be queued for screening by precedence. In
the date-time-group (DTG) of a message, the precedence is
indicated as Flash (F), Operational Immediate (0), Priority
(P)
, or Routine (R) . The date and time should be used to
feed the highest priority and earliest DTG to the MSS
operator first.
All Flash messages will be processed first, by DTG. All
Immediate traffic will be handled after Flash traffic by
DTG. All Priority messages will be handled according to the
time of receipt (TOR), first-in, first-out, after Flash and
Immediate. It is a goal for all messages to be delivered
within the following criteria:
1. Flash within 10 minutes,
2
.
Immediate within 30 minutes
,
3 Priority within 2 hours , and
4 . Routine within 6 hours
.
A Routine message held by the station for over 5 hours
is to be queued ahead of a Priority message that has a TOR
of less than 2 hours. Once an attempted delivery has been
made on an external circuit, it should be held in file for
10 minutes before the next attempt at delivery. Lower
priority messages should be screened by the monitor or
23

delivered during the 10 minute hold period. Delivery
attempts will be made every 10 minutes until accomplished.
All incoming traffic on NAVCOMPARS , Command and Control,
District Loop, Weather, and SARPAC will automatically be
directed to the primary control station monitor screen. The
monitor operator will then determine the delivery of the
message and whether a change in message heading or format is
required. By selecting appropriate keyboard functions, the
message will be sent to a holding buffer pending action by
one of the positions. Messages received from one of the
landline positions may be retransmitted on the same or
another landline by direction of the MSS control station.
Messages received by RATT (Radioteletype ) from a line
associated with positions + , 5, 7, 8, 9, 10, or 11 should be
routed by the MSS directly to the terminal at those posi-
tions without automatic intervention or screening by the MSS
controller. Traffic received by one of the above terminals
must then be edited using appropriate word processing
techniques and sent to the MSS for subsequent transmission on
the line designated by the respective routing, without being
automatically received by the MSS control station.
C. MSS OPERATION
The MSS must have sufficient input and output buffers to
translate or shift baud rates from the central processing
unit (CPU) speed to on-line speed for the various circuits.
24

1. MSS External Circuits
The following external circuits are to be connected
to the proposed system:
a. NAVCOMPARS, SARPAC , Weather, District Loop (TWPL)
,
and Command and Control: 120 baud, 8 level
Baudot circuits.
b. RATT positions 4 and 5: 7 5 baud (10 WPM) , 8
level Baudot circuits
.
c. Position 6: 3 3 baud (40 WPM), 8 level 3audot
circuit
.
d. Position 10: 33 baud (40 WPM), ASCII with MILSTD
188C interface Model 40 Teletype.
e. Positions 1, 2, and 3: 10 baud (12 WPM), ASCII
with MILSTD 188C interface Model 40 Teletype.
f. Broadcast position in conjunction with the
Fredericks keyers for output only: 15 WPM, 5
level Baudot.
g. The SITOR position uses two machines, only one of
which is on line at a time. In the ARQ mode, the
output of the terminal may vary from zero to 6
WPM and be inconsistent from character to
character. The ARQ mode uses a built-in computer
for error detection and corrections so that only
correct characters are outputted. This position
otherwise operates like a Position 4 RATT terminal
and also requires a keyboard- to- keyboard
conversational mode. An optimal rate of 17 baud
has been experienced for SITOR.
2. CPU Speed
The CPU in the MSS must operate at sufficient speed
to appear transparent to the operator; that is, the delay
time due to message handling by the MSS must be less than 2
seconds when fully loaded. It must be capable of handling
all positions and the input/output functions concurrently.
25

The CPU shall be considered to be fully loaded when
three of the circuits in C.l are in continuous operation
and the remaining circuits are all on the line operating at
80 percent duty cycle
.
At least two station-log memory units are required.
One will be on-line at all times with the second one always
ready to process traffic should the primary unit malfunction.
The MSS shall be able to recall from either log unit to
ensure continuity of operations in the event of a failure
in either unit. Failure of either on-line unit shall
immediately be indicated at both MSS control stations
.
3 . CPU Operations
The CPU may operate in conjunction with input/output
buffer, polling, random access, or any other technique that
provides the necessary message receipt, sorting, filing,
recording, forwarding to appropriate stations, editing, and
retransmitting as directed by a position or the MSS control
station with a handling delay of less than 2 seconds between
operator command and attendant message delivery.
a. CPU Functions
Sufficient storage in the form of input/output
buffers and on-line random access memory must be available
to hold the messages being received and pending delivery.
More storage must be available to record all transactions
on a daily basis. This may be accomplished by magnetic tape
or hard disk that records a copy of ail incoming traffic from
26

all circuits and all outgoing traffic on all circuits. This
will become the radio log which is retained for 30 days.
The storage medium must be eraseable locally and reuseable
for at least 5 years
.
The MSS shall automatically append the following
on all messages received on incoming circuits:
1. Time of receipt (TOR),
2. Date and time using 2M- hour ZULU time clock,
3. Incoming circuit designation in code, and
4
.
Consecutive station number for messages on that
circuit
.
These message statistics shall be made available to the
various position terminals , but shall not be retransmitted
on outgoing lines.
The MSS shall automatically append the following
on all messages being transmitted:
1. Time of delivery (TOD) and
2. Date and time message completed transmission on an
outgoing circuit.
The TOD shall be appended to the copy of the message stored
in the station log. It must not be transmitted on the
outgoing line
.
Each time the MSS attempts to deliver a message
either to an interior position or to an outgoing line and is
unable to complete delivery, it shall append an Attempted
Delivery Time (ADT) to the message in file. This data should




All messages designated for transmission on
NAVCOMPARS shall undergo a format check by the MSS prior to
transmission. The format check shall be for conformance
with the requirements of JANAP 128(H) for Heading, End of
Message, and End of Text format lines. Variable data will
be inserted by the position monitor, but the MSS shall check
characters, spaces, functions for consistency, and any
special requirements
.
The MSS shall have a means of knowing the date,
Julian date, and the time expressed in Greenwich Mean Time
(ZULU). This date and time will be used for TOR, TOD, and
date for heading generating for consistency checks above.
The MSS shall keep track of the number of
messages residing in an input/output buffer awaiting action
by the operator at any position. This data should be displayed
on the position screen on command. The data should include
the number of Flash, Immediate, Priority, and Routine
messages pending, and the number of outgoing messages from the
station that still are pending delivery. Through an appro-
priate operator generated keyboard control, the operator
shall be able to retrieve an undelivered message, cancel the
delivery order, and order a different method of delivery.
A conversational mode is required whereby the
CPU connects certain incoming messages directly to the RATT
position and the RATT position directly to its transmitter
for keyboard-to-keyboard conversation. No automatic function
28

will be appended during keyboard-to-keyboard mode; however,
all characters sent and received shall be stored in the
station log. This mode is to be a special operator
called-up function that essentially bypasses the CPU monitor
D. CPU REDUNDANCY
Sufficient spare boards or a spare CPU must be provided
so that in the event of failure and with the aid of software
diagnostics, the CPU failure can be repaired in less than 10





Appropriate routines must be available so that in
the event of a failure in the MSS , restart would be executed
without the loss of any messages in the MSS. The restart
program must restart all sequence counters, i.e., station
number, at the same place where the failure occurred.
2 Radio Day Change
At midnight the following statistics shall be filed
in memory on the station log:
a. Total message input to each position,
b. Total message output from each position,
c. Total message received on external circuits,
d. Total messages sent on external circuits, and
e. Total number of messages pending delivery.
29

Once this data is stored, all sequence numbers are
zeroed. These statistics shall also be addressable by the
MSS control stations.
The MSS requirements presented in this chapter were
used in designing the parameters that were used in the
simulation model described in detail in ChaDter V.
30

IV. COMMSTA BASELINE STATISTICS
A. PURPOSE
The gathering of relevant statistics is very important
in modeling a system of any type using a special-purpose
language such as GPSS V (General Purpose Simulation System,
Version V) . GPSS V was chosen as the programming language
for the rraffic flow model because of its ability to sample
from any given distribution function when generating input
transactions, such as messages. It is a very compact
language and uses relatively few statements , which makes it
an easy language to learn and apply.
COMMSTA San Francisco is basically a "torn tape" message
relay station; that is, messages are received via teletype
or carrier wave (CW) transmission, a tape is cut and put on
the teletype of the outgoing circuit, and the message is
sent out. The only message statistics presently gathered
are landline traffic totals sent and received on a monthly
basis. Also, most messages are retained for only 30 days
before they are destroyed.
B. METHOD OF DATA CAPTURE
The task of capturing the needed data for the proposed
traffic flow model was a formidable one. Four pieces of
information were needed concerning each message transaction
31

for each incoming circuit for entry into the model:
1. Message interarrival rate,
2. Message precedence,
3. Message length, and
4. Message destination.
The gathering of this information entailed looking at
every message that came in or came out of the COMMSTA on a
given day. Through the help of watchstanders , this data was
collected for the period 1-7 July 198 2 using the form shown
in Appendix C. These data were then analyzed and used as the
message statistics for a "typical" week.
C. RESULTS OF STATISTICAL ANALYSIS
The baseline statistics were analyzed and put into a
form that would be useable in the simulation program.
Instead of taking an overall seven day average of message
interarrival rates and message lengths, only data for the
day that contained the most messages for any particular
circuit was used. This was done to be "conservative" in
estimating message input statistics for the model. All data
for message priority and destination over the seven day
period were utilized for analysis
.
Table I summarizes the results of the baseline statisti-
cal analysis for the MAVCOMPARS circuit. Appendix D contains
the statistical summaries of all other COMMSTA circuits used





Arrival No . cif Relative Cumulative
Interval Msgs Frequency Frequency
0-9 22 .32 .32
10 - 10 26 .38 .70
20 - 29 11 .16 .86
30 - 39 5 .07 .93
40 - 49 1 .01 .95
50 - 59 3 .04 1.00
Message No . o f Relative Cumulative
Length Msgs Frequency Frequency
0-10 35 .45 .45
20 - 39 27 .35 .80
i+0
- 59 4 .05 .85
60 - 79 3 .04 .89
30 - 99 .00 .89
100 - 119 .00 .89
120 - 139 .00 .89
140 - 159 3 .10 1.00
Message No . o f Relative Cumulative
Precedence Msgs Frequency Frequency
Z 1 .02 .02
7 .12 .14
P 28 .48 .62
R 22 .38 1.00
Message No. o f Relative Cumulative
Destination Msgs Frequency Frequency
MF/CW 2 .03 .03
HF/CW 2 . 3 .06
CLAS S/S 16 .24 .30
UNCLAS S/S 24 .35 .65
AIR/GROUND 1 .01 .66
SITOR 2 .03 .69
INHOUSE .25 .94
HF BCST 2 .03 .97
50 KHz 2 .03 1.00

categories: (1) Arrival Interval, (2) Message Length,
(3) Message Precedence, and ( 4- ) Message Destination. The
arrival interval was measured in minutes throughout the
model. The unit of message length used for measurement was
a line of text.
The meaning of the data in Table I will now be explained.
Under the column labeled Arrival Interval, the first line
entry indicates that 22 NAVCOMPARS messages arrived in the
system within to 9 minutes of the previous message received.
The relative frequency of messages that occurred in this
interval was 0.32. The cumulative frequency, which is vitally
important to the simulation model, is simply a cumulative
total of the relative frequencies. This information is used
to form the probability distribution of message arrivals and
is used by GPSS in generating the message inputs for the
model. Similar probability distributions are formed for the
length, in lines of text, of the arriving messages, their
precedence, and their destination within the system. The
next chapter discusses in more detail how these statistics
are incorporated into the design of the simulation program.
34

V. GPSS V MODEL OF THE MSS
A. MODEL DESCRIPTION
1 . General Purpose System Simulator
Like any model, the one presented in this chapter is
not perfect, but every effort was made to design it as
closely to the proposed MSS as possible. Due to the con-
straint of time and the limited programming skills of the
author, several simplifying assumptions were made in the
model design. The input and output queues connected to the
CPU queue were separate entities in the model. In reality,
each queue connected to the CPU will function as both an
input and output queue . The contents of each output queue
and the CPU are ordered by precedence and are transmitted
using the First-In, First-Out (FIFO) methodology. There is
no provision for the model to drop everything whenever a
Flash or special precedence message arrives and to process
it immediately, interrupting any message that is being
transmitted at the time
.
The MSS is to have both a primary and a secondary
CPU. This model is designed only for primary CPU operation
to find out what kind of traffic load it can handle alone.
The model is designed for operating under the assumption
that the CPU operator must view each incoming and outgoing
message in the system.
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The General Purpose System Simulator (GPSS) was
chosen to approximate the envisioned characteristics of the
proposed Message Switching System (MSS). The ease and
flexibility of GPSS lends itself quite nicely to modeling the
MSS as closely as possible. However, many assumptions were
needed for simplification of some system characteristics, as
will be explained in this chapter.
GPSS is a simulation programming language used to
build computer models for discrete-event simulations. It
offers programming convenience because the GPSS simulator
itself accomplishes many tasks automatically which would
otherwise be left to the model builder. This language
implicitly and unobtrusively collects data describing a
model's simulated behavior, then automatically prints out
summaries of this data at the end of a simulation in an
easy-to-read format. It also maintains a simulated clock,
schedules events to occur in future simulated time, causes
these events to occur in the proper, time-ordered sequence,
and provides a means of assigning relative priorities to be
used in resolving time ties. [5]
GPSS is structured as a block-oriented language
since the use of flow charts to describe a system is well
known and accepted. These blocks are defined to model the
dynamic components of a system. Units of traffic in the
model are called transactions . Thus , the transactions move
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through the model under control of the blocks and are




Essentially, many characteristics of the envisioned
MSS allow for the system to be modeled as a message switch
with a store-and-forward capability in that the entire
message is transmitted to a centrally located node or CPU,
where it is stored as long as necessary, until an appropriate
connection can be made with its destination. Such a message
switch has the responsibility to provide rapid, reliable,
and secure means to deliver messages. This was the concept




The basic model design has just been presented and
will now be further broken down into its more specific
attributes. (Refer to the program listing in Appendix E) .
a. Message Generation
All transactions enter the model by means of the
GENERATE statement. As a transaction enters the model, the
processor schedules the arrival of the next transaction by
randomly sampling from the interarrival-time distribution,
and adding this sampled value to the simulation clock's
current value. When this future time is reached, another
transaction enters into the model through the GENERATE








PROCESS BY PRECEDENCE LEVEL (FIFO)









REMOVE TRANSACTION FROM MODEL
riigure 5.1 3asic Model Flow Path
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type of message is listed at the beginning of the program
listing using the FUNCTION statement. These values were
obtained from Appendix D.
b. Message Priority (or Precedence)
A new transaction is assigned a priority level
through a random sampling of a priority level distribution
using the FUNCTION statement. This information is listed at
the beginning of the program listing and was obtained from
Appendix D. In GPSS, 128 different priority levels are
possible; however, this model uses only four, each of which
is assigned a numerical value: Flash = 4 , Immediate = 3,
Priority = 2 , and Routine = 1 . As each transaction enters
a queue, it is serviced first-in, first-out (FIFO) by its
priority level. [5]
c. Message Length
A random sampling of the probability distribution
for message length is made and assigned to each transaction
as it enters the system by use of the ASSIGN statement.
The value obtained is the probabilistic number of lines of
text of the message. FUNCTION statements are used to list
the distributions in the program. These statistics came from
Appendix D.
d. Message Destination
Each transaction is assigned a numerical value
that indicates its destination according tc Table II. The
ASSIGN statement generates this value through random
39

sampling of a given probability distribution in the FUNCTION




Each circuit has a given baud rate that is needed
when calculating the delays for reception and transmission.
Table III lists each circuit and its baud rate. In the
VARIABLE statements , the variable P2 is the message length
and is divided by the line/minute rate of the particular
circuit. This calculation yields a value in minutes which is
then used for rhe message delay time. For example, a circuit
with a baud rate of 75 and a message length of 25 lines would
be computed as follows: (Assume 3^ characters/line and 10
bits / character
)
Delay Time = 2 5 lines * 3M- char/line * 10 bits/char
7 5 bits/sec " 60 sec/min
= 1.9 minutes
The ASSIGN statement is again used to assign
this value to each message transaction . Because the smallest
incremental unit of the model is an integer minute , the
above computed delay would become 2 minutes for the
simulation process.
f. Additional Considerations
Each generated transaction is sent to the CPU
































































and DEPART statements allow for only one transaction to be
processed at a time while other transactions wait in a queue
for processing. Also, useful statistics are gathered at
this point to be printed after simulation is complete.
The TABULATE statement allows for the gathering
of additional statistics that the model builder deems useful
to his analysis. The ADVANCE statement is used to incorporate
the delays due to reception (discussed in paragraph A.3.e)
and operator intervention. Assuming a "manual" mode of
operation where the operator must see every message received
by the CPU and perform some processing on it, a delay of one
minute was used.
Next the transaction is processed and exits the
CPU queue by use of the RELEASE statement and must be sent
to its destination, or output queue. The TEST statement
compares the value of PI (the message destination) with a
given value, and if the two values are equal it transfers
that transaction to the appropriate output queue.
Each output queue processes a transaction in the
same way just described for the CPU queue, except that the
message is terminated by the model after it leaves the output






GPSS provides built-in statistics gathering capabilities
in an easy-to-read format. The output of GPSS simulation
includes statistics on the utilization of facilities
,
storages, and queues. [5]
Additional information pertaining to the following cate-
gories was desired:
1. The origin of messages into the CPU queue.
2. The origin of messages into each output queue.
3. The queue contents of the CPU.
M-
. The transit time of messages in the model.
The above statistics were gathered by the use of the
TABLE and TABULATE statements . This information was found
to be useful in judging the validity of the model by
observing the distribution of messages that enter the CPU
and how these messages are distributed to the various output
queues. Of great importance is knowledge concerning how
many messages are waiting in the CPU queue for processing.
This model uses only a single CPU, whereas the proposed MSS
is to have a primary and secondary CPU. Information on the
time a transaction takes to move through the model from the
time of reception to the time of transmission (called the





In addition to tabular output, it was thought useful to
augment this information with graphical representations of
the statistics to facilitate comparison of the data.
C. ANALYSIS OF BASELINE MODEL RESULTS
The traffic flow simulated within the model for the
baseline case of statistics, as presented in Chapter IV, will
be referred to as Throughput State I. This simulation was
run over a simulated 7 day period. The output collected
information concerning the origin of messages into the CPU
queue (Figure 5.2), the number of message entries into each
output queue (Figure 5.3), the queue contents of the CPU
queue (Figure 5.4), and the transit time of messages in the
system (Figure 5.5).
Figure 5.2 graphically displays that most of the generated
messages received by the CPU queue originated from the HF/CW
circuit. From Figure 5.3 it can be observed that the
NAVCOMPARS and WEATHER output queues received the most
messages transmitted from the CPU queue. From Figure 5.4- it
can be seen that the CPU queue had a maximum of one message
transaction in its contents 99.10 percent of the time during
the one day period. Figure 5.5 reveals that the average
transit time for all messages was 2.6 74- minutes and that the
maximum transit time needed by any message was 5 3 minutes.
The output statistics over the entire 7 day period were
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average message transit time in the system (Figure 5.7), and
the maximum message transit time in the system (Figure 5.8).
It can be observed from Figure 5.6 that the maximum CPU
queue contents over the 7 day period were 4 messages , and
that occurred only on one day. Figure 5.7 showed that the
average message transit time was under 3 minutes for the
entire period. The maximum message transit time over the 7
day period is shown in Figure 5.8 to be less than 80 minutes.
Additionally, Appendix F contains information regarding
the origin or messages into each output queue for the day
that generated the maximum number of messages over the period
of simulation. In Appendix G is found the transit times
for each type of message in the system.
The results of the graphical analysis seem reasonable
and are well within the operating parameters of the MSS.
Knowing that the traffic load could easily double or triple
under certain circumstances makes it necessary to perform a
sensitivity analysis on the model. This will be the subject
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VI. SENSITIVITY ANALYSIS OF MODEL
A. PURPOSE
Sensitivity analysis is a very important part of any
simulation model to determine how a change in the inputs
will affect the output. For the system presented here,
particularly since it is a traffic flow model, the communi-
cator is always interested in how a change in the message
workload will affect the ability of the system to process
and deliver the information. This chapter will describe
how an analysis was performed on the model and what the
results of that analysis were.
Sensitivity analysis was performed on message inter-
arrival rates and message destinations. No sensitivity
analysis was performed for the precedence or length para-
meters of the model. Because the model does not collect
data concerning message precedence as an output statistic,
analysis of this parameter is not available. Casual
observation suggests that message length has not changed
over the past several years and, additionally, is not
expected to change significantly in the future under MSS.




B. MESSAGE INTERARRIVAL RATES
The methodology utilized to simulate an increase in the
message load was to decrease the length of the time for each
interval of the probability distribution in the interarrival
input statistic. For example, if 10 messages were received
in a 10 minute interval, decreasing that interval by one
minute (or 10 percent) to 9 minutes would simulate 10
messages received in 9 minutes. This computes to an increase
of 11 percent in the traffic load. Each time interval in the
probability distribution was recomputed in the same way.
Simulation runs were performed for traffic load increases
of 11 percent, 25 percent, 4-3 percent, and 67 percent with
results that were not significantly different from the base-
line case, or Throughput State I. The details of these
results will not be presented in this paper, as they were
inconclusive. However, it was discovered that traffic load
increases of 100 percent, 150 percent, and 233 percent did
significantly change the output results of the model. The
increases will be referred to as Throughput State II
,
Throughput State III, and Throughput State IV, respectively.
Appendices H, I, and J contain the respective input statistics
for each of these states.
The results of the simulation runs for Throughput States
II through IV are summarized graphically in Figures 6.1
through 6.9. For each state, graphs are presented to show
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the maximum CPU queue contents, the average message transit
time, and the maximum message transit time.
Figure 6.1 shows that the maximum CPU queue contents for
each day in State II was 4 messages . The observed average
message transit time for this state in Figure 6.2 can be
seen to be between 3 and 4 minutes. From Figure 6.3 the
maximum message transit time for State II is 80 minutes. In
Figure 6.4 it is observed that the maximum CPU queue contents
are 8 messages over the 7 day period for State III. The
average message transit time is still between 3 and 4 minutes
as seen in Figure 6.5. Figure 6.6 shows the maximum message
transit time in State III to be less than 90 minutes.
An interesting upward trend is observed for the maximum
CPU queue contents in Figure 6.7 for State IV. A maximum of
6 3 messages is reached by the 7th day of simulation. The
average message transit time graphed in Figure 6.8 also
shows an upward trend over the same period to a peak of over
40 minutes. Figure 5.9 shows a similar behavior for the
maximum message transit time in State IV. Here the transit
time reaches its peak value on the 7th day of almost 2 50
minutes
.
Figure 5.10 is a graphical representation of the maximum
CPU contents over the 7 day simulation period for each
throughput state. It was observed that between states III
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In performing the sensitivity analysis for message
destination, a slow speed circuit was chosen to see what
would happed if a large shift in the destination of messages
on that one circuit occurred. Imagine the following
scenario: A merchant vessel in the Pacific Ocean has an
emergency and requests help via the SITOR terminal. The
COMMSTA, which has the guard for the ship, receives its
transmission, and immediately relays the message over the
NAVCOMPARS and/or SARPAC circuits, as illustrated on the
Traffic Flow Diagram in Appendix B for the SITOR circuit.
Of course, messages would be flowing back to the ship
according to the Traffic Flow Diagrams for the NAVCOMPARS
and SARPAC circuits.
To simulate this change, the probability distributions
for NAVCOMPARS, SARPAC, and SITOR message destinations were
modified to reflect a shift in message destinations
according to the above scenario. A 200 percent change in
message destinations over the SITOR circuit was used for
computing this shift over the course of a week, i.e., the
statistic for the baseline message destination for SITOR was
.44,1/ .55,2/1,7. After the shift, it became . 53 ,1/ . 79 , 2/1 , 7
(see Table II for numerical assignment of message destinations)
In Figure 6.11 it was observed that the maximum CPU
queue contents for the SITOR scenario did not change
significantly from that observed for the baseline case in
65

Figure 5.6. The same observation was made with Figure 6.12,
the average message transit time, and Figure 6.13, the
maximum message transit time for the SITOR scenario. In all
three cases , there was no significant difference from the

















































VII. SUMMARY AND CONCLUSIONS
A. SUMMARY
The results of the model simulation for the baseline
case in Chapter III showed the maximum contents of the CPU
queue over a 7 day period to be 4 messages at any one given
time. The average transit time for messages in the model
was between 2 and 3 minutes with the maximum message transit
time found to be less than 80 minutes.
The sensitivity analysis performed on the message
interarrival rate revealed a dramatic increase in the
maximum CPU contents when the traffic load was increased
over 150 percent (Throughput State III) from the baseline
case (Throughput State I). Significant increases were also
noted in the average and maximum message transit times.
A shift in the message destination probability
distribution was found to insignificantly change the output
statistics from the baseline results.
B. CONCLUSIONS
Based upon the results of the model simulations for
various increases in traffic throughput, the proposed MSS
should perform well within the specified operational
requirements presented in Chapter III. Single CPU operation
will be efficient up to a throughput increase of 150
71

percent. Above that level, utilization of the secondary CPU
will be necessary to maintain satisfactory processing of
message traffic in the system.
It should be noted that this was the first attempt to
model the proposed MSS . As such, the model was very useful
for simple analyses , but should the need for a more detailed














RM 1 4 10 10 25 50
ET 1 1 5 8 15
ETN 1 ± 2
TT 1 1 2
SS 1 1 1 3
DC 1 1
EM 1 1
MK 1 1 2










This appendix contains the traffic flow diagrams that
































































































































This appendix contains a copy of the form that was
used in collecting the statistics from the COMMSTA daily


























































This appendix contains summaries of the statistics




Arrival No.. of Re lative Cumulative
Interval Msqs Frequency Frequency
0-99


































































































Arrival No. of Re lative
Interval Ms qs Frequency
- 24 41 .76
25 - 49 6 .11
50 - 74 2 .04
75 - 99 2 .04
100 - 1 24 1 .02
125 - 149 .00
150 - 174 .00
175 - 199 .00
200 - 224 1 .02
225 - 249 .00






















Messaae No. of Relative Cumulative
LJ-SSlIl M2§ Fr eque ncy Frequency
0-4 52 .93 .935-9 1 .02 .9510-14 1 .02 .9715-19 2 .03 1.00
Message No. of Relative Cumulative
Precede nce Mscjs Pr eqiiency Frequency
F 34 .89 .39
R 4 .11 1.00
No. of Re iati ve Curaulat ive










Arrival No. of Re lative Cumulative
Interval Ms 3s Zl equency Frequency
0-9 79 .75 .75
10 - 19 16 .15 .90
20 - 29 4 .04 .94
30 - 39 4 .04 .98
40 - 49 .00 .98
50 - 59 2 .02 1.00
Message
Length

















Message Ho. of Relative Cumulative
Precedence Msgs HS^Slisncy. Frequency
Z 1 .01 .01
C 1 .01 .02
F 85 .91 .93
R 6 .06 .99
Message No. of Relative
Destina ticn Mscjs Fr equency
NAVCOMPARS 15 .16
SARPAC 24 .25












CLASSIFIED SHIP/SHORE RAH Statistics
Arrival No. cf Relative Cumulative
Interval Mscjs Frequency Frequency.
0-9 12 .43 .4310-19 5 .18 .61
20 - 29 .00 .61
30 - 39 3 .11 .72
40 - 49 6 .21 .93
50 - 59 1 .04 .97
60 - 59 .00 .97
70 - 79 1 .04 1.01
Message
Lenqtfi
No. of Helati ve Cumulative
Msgs Fr eque 2-£I Frequency
0-9 .00 .0010-19 5 .15 .15
20 - 29 15 .45 .60
30 - 39 9 .27 .87
40 - 49 .00 .87
50 - 59 1 .03 .90
60 - 59 2 .06 .96























Message No. of Re lati ve Cumulative





















DNCLASS SHIP/SHORE RATT Statistics
Arrival No. of Re» lative Cumulative
Interval Msas F:; equency Frequency
0-24 5 .24 .24
25 - 50 7 .33 .57
51 - 74 2 .10 .67
75 - 99 2 .10 .77
100 - 124 3 .14 .91
125 - 149 1 .05 .95
150 - 174 .00 .96
175 - 199 .00 .96
200 - 224 .00 .96
225 - 249 1 .05 1.00
M e ssag e
Lenotn
No. of Re lative Cumulative























Message No. of Relative Cumulative
Precedence M§2§ Fr equency Frequency
Z .00 .00
1 .06 .05
P 9 .56 .62
B 6 .33 1.00
Message No. of Relative Cumulative














Arrival No. of Relative Cumulative
Interval Msgs Frequency Freguencv
0-24 10 .48 .48
25 - 49 3 .14 .62
50 - 74 2 .10 .72
75 - 99 3 .14 .86
100 - 1 24 .00 .86
125 - 149 .00 .86
150 - 174 .00 .86
175 - 199 .00 . 86
200 - 224 .00 .86
225 - 249 2 .10 .96
250 - 274 .00 .96
275 - 299 .00 .96
300 - 324 1 .05 1.01
Message
Length
No. of Relati ve Cumulative








































Message No. of Relative Cumulative
Destina ticn Hsgs Frequency Frequency.
NAVCOMPARS 1 .06 .06
SABPAC 7 .41 .HI
TWPL 1 .06 .53
INHOUSE 1 .06 .59
HF BCST 6 .35 ,94




Arrival No.. of Rs lati vs Cumulative


























Messaae No. of Relative Curaul=tiv=
Len gth. Jlsg^s E£££H§H2Z Frequency
0-9 .00 .0010-19 .00 .0020-29 5 .56 .5630-39 4 .44 1.00
Message No. of Relative Cumulative










Message No. of Relative Cumulative
Destination ilSS5. Fr, eq u e ncy Frequency
NA7C0MPARS 4 .25 .25
SARPAC 7 .44 .69
CLAS S/S 1 .06 .75




Arrival No.. of Relative Cumulativ
Interval !?= C[S Frequency Frequency
0-49 8 .57 .57
50 - 99 4 .29 .85
100 - 149 .00 .86
150 - 199 .00 .86
200 - 249 .00 .86
250 - 299 .CO .85
300 - 349 1 .07 .93
350 - 399 .00 .93
U00 - 449 .00 .93
450 - 499 1 .07 1.03
Message No. of Relative Cumulative
Len gth Hl2§ Frequency Frequency
0-4 12 .80 .805-9 .00 .3010-14 1 .07 .8715-19 .00 .8720-24 2 .13 1.00
Message No. of Relative Cumulative
Precedence Ms<js Frequency, Frequency
Z .00 .00
1 .10 .10
F 8 .SO .90
E 1 .10 1.00
No. of Relative Cumulativ?
on H§3§ Fr equency Frequency
NAVCONPARS 4 .44 .44
SARP2.C 1 .11 .55
WEATH2R 4 .44 .99
99

TWPL (DISTRICT LOOP) Statistics
Arrival Mo. of Relative Cumulative
Interval Msc[S Frequency Frequency
0-19 21 .55 .58
20 - 39 5 .14 .72
40 - 59 1 .03 .75
60 - 79 .00 .75
30 - 99 2 .06 .81
100 - 1 19 4 .11 .92
120 - 1 39 1 .03 .95
140 - 1 59 .00 .95
160 - 179 2 .06 1.01
Message No. of R? lative Cumulative
Length Msgs Fr,equency_ Frequency.
0-9 13 .34 .34
10 - 19 6 .16 .50
20 - 29 1 .03 .53
30 - 39 3 .08 .61
40 - 49 11 .29 .90
50 - 59 4 .11 1.00
Message No. of Relative Cumulative
Precede nce M§2§. Frequency frequency.
Z .00 .00
C 4 .20 .20
P 10 .50 .70









No. of Relative Cumulativ






















Arrival No.. Of Et€dative Cumulative
Interval £l=2§ ll equer.cy Frequency.
o - 2a



























Nc. of Belati ve Cumulative
Mscjs Frec[ue ncy_ Frequency.
o - a .00 .005-9 2 .09 .09
10 - 1a 10 .U5 .5415-19 a . 18 .72
20 - 2a 2 .09 .81
25 - 29 3 .14 .95
30 - 3a 1 .05 1.00
Message No. of Relative Cumulative
Precedence Msgs Fr eque ncy ZL^H^^.9.1
1 .00 .00
C 1 .13 .13
F 3 .38 .51
R 4 .50 1.01
Message No. of Relative
Destina-jon H§.2.§. Fr eque ncy
NAVCOMPARS 3 .30
SAEPAC 2 .2
CLAS S/S 1 .10














Arrival No.. of R alative Cumulative
Interval Msc[S F r equency Frequency
0-49 1 .25 .25
50 - 99 1 .25 .50
100 - 149 .00 .50
150 - 199 .00 .50
200 - 249 .00 .50
250 - 299 .00 .50
300 - 349 1 .25 .75
350 - 399 .00 .75
400 - 449 1 .25 1.00
Message No. of Relative Cumulative
Length Ml2§ ££JL2H§I-£I Frequency
0-4 .00 .005-9 1 .25 .2510-14 3 .75 1.00
Message No. of Relative Cumulative
Precedence Msg^s frequency L£~2i£ency,
Z .00 .03
C .00 .00
F 2 1.00 1.00
R .00 1.00
Message No. of Relative Cumulative
Destination M§5§ Fr eque ncy Frequency
NAVCOMPAP.S 1 .25 .25
SAEPAC 1 .25 .50
WEATHER 1 .25 .75
TWFL 1 .25 1.00
102

COMMAND B CONTROL Statistics
Arrival No. of Relative Cumulative
Interval Msgs Frequency F requency
- 100 1 .50 .50
101 - 200 1 .50 1.00
Message No. of Relative Cumulative
Length U§3§ Zs±2S§S£I Frequency
0-24 1 .50 .5025-49 .00 .5050-74 1 .50 1.00
Messaqe No. of Relative Cumulative
Precedence Msc[s Frequency F requency
Z .00 .00
C .00 .00
P 2 .66 .66
B 1 .34 1.00
Message No. of Relative Cumulative
Destination Mscjs Frequency Frequency
NAVCOMPARS 1 .50 .50




This appendix contains the program listing for the
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This appendix contains the output statistics for the
origins of messages into each output queue in model for
Throughput State I. This information was taken from the















I z*; .p-^u-^OT-n— »iri'«>0'— *
^ j«/l-uj'ngur*ffltj'»'rO # * * » -*
«: — :e * X
< ——— ( i i -i— m^ • #z








—o • * J
z<j » —
u. • t'ZiMja-ncN^osoNJO uj *
j- o -J< o^n-r —"-'"j'^i-Ma) ,ro H •3— Xuu— <n.f.o -»;}*—ca.r-0*- J4— <C~ — £ t- »
< -ilk30 H" # • —
a. X -3 . —O O. » * » •»»'•>
= »
3 210 o *
IT » * »» —
u/-(09^-«-fl/\OOOffl-0 X » »7











~ *3* *• —ZN U **XO^ *# I
— *- **o




a >o • ••••• •**»•••—
—< 7-tJ"»—ONO'^N^ >fo * # -J






J* -C -~ J" — -O D **"> — J>
a z c>oc-a»——r\j*»oc**org-o
I < uiO —*-»•— — -J
C UJ >Z -J
c_i S au.1 < .
> a r> «
«t ^C» UJ •
Z su at •
Oat < » —







UJ UJsC UJ »O -»— Q£h- —<MI*>.T U^.0^-«C*0— «N*»^3 .4 3— UJ— —«—<3 # —
-> < o-i uj * at
</i —i- a.— oe .a.




O i/» — •
ui Z •
Z UJ— - • ••••••••*•••»<•*<»•<•*•»•*•*•«•**»«•**»«••• 4 ••••• *•
—
—a: «
— <z uj«f»»»om-f*fOiMrg —
ec - - x
c





















• « o 1/) V)
• u. Ml —









^ '_j-a-_j-^—— "Mfvj',»>o -*j.»J«ounr\ »••»*-*
z «-x • * r
•a —-M I I I —-<—oj • * «:
—x i i ** »###•«
>o *ji »
Qj.
ui • uj-z-r-art*—. orv^x^X'vjo uj »
i-» _i< -C -xi?^^ Oi>-"P- f3MO >— *3— a...j~."^-J* o a J*—**i >* ox >^ «* #




< -ju. * rL3a - •-
u. X 3 #—O a. *<^
X •
X v9 •3 3 •
i/i a •
ce **•»•-«
l^JTCO'>^ O-vj^—3 vJ'.J'rO^O X * 3*




Z»- U * * XOO »3
—m * *cr
— • • • • •
— *
> *
O >0 • • ........... » •» —
O -*— ry/lOO-O^^^T^O **«_)
at «Z -« • *X
• » -I
wC "*J J"t fN r\J ,r^ mm r*\—*—
>— rjm -.





L- DC tx3 < UJ
O *».
z c >oOC C f\j (N <rex -.c* --»^o
o < mo -.m -• _i
< UJ >Z -J
a X XUJ <
i m3








uj Ui ** Ol
vs _ - ar t—
—
iNir^tJ'U'i -Cr^m &<3-*r*jr* 3
«j CO
Wl < ax ui
v> A»^ a.— at




























Z JTO * -*
a —wo *>*











-o -• * -«
zo *-
oj • iu?o uj •
r-» -j-io >- *3 0-ujO < •O —X • - •
s h- — <s* • -•
« _IU. • s30 t- »-
u. r 3 —
O a. •</»
X •
x <j •3 3 *
</> O »S • —
a.aco X * Z
>ui • « » J
-.o * S
-Z *4<— *
_ < • UJ3X » 3
IUJ * UJ3s — 3
ze <_> * x <y
~3 * '3 3





a >o • » * o
— «JO » — Z
C i-l-O #0 —
OL 4Z-* * Z S
< _llu • 3 u
a 3u * t-
z » * z
< 3UJ » ui
I- OQ. *
uaa # — o u.
-O #1 o
- o x — <j u.
ZO UIU. u. OS
_
- aa • X ui
X. • • UI 033— * II
UJ O O • < 33 S S Z Z
lb < UJ » —3 "4 « 3 • ••
a z c>-» * <-> i" "i
< UJU _) » u. — —
X UJ >Z _J * X X >C
I IUI < « "*
>. UJ3 •
Ik. t/JO UJ * X >
1 <tuj k *OS < * —
O u. • a.
>- v» * s
Z UJ • <
— — » I/)
o *A Z •
ui m*t ui *
_i art—3 •
< o uj— a ••••••»#•»*•*•*•—
isi < a x ui » « s
i/> »i»- a.>» s • •a.
U ! © r — — » * w
1 «Z »*••»»»•»#•••#•• z
-— o «
U. X »C i/l — »
UI Z *
r uj«- — •••«»•••*••»••*••••»«•••••••««•••••*•••«.»»•••••••
—
—at «
<« «>- x <"u -« O 3" « r- .<} m .* m -j — o






^ — ." •••••••••• » X







V>0 • • •>.
—
-y
— • » «
zo •••*» r-
—
• uj^-^^in^ToM^OB uj *
x -- —14:00 ^mmo ^p*-va^-^ v* *
3-« t.jj--, .'\i»?o"j'f os 4 •
C3 —X - •
OC *- —I——-» l/l » —4 _ j. * -30 - » -
U. X. 3 * —
a. • <"
X •
* o »3 3 •
i/i a *
uioooonooioo X » z
>UJ •••••••»•• - '3
—C 3000000CO » at
*-ZJ"*^ui»^aMf*ir»U'\ Ji »4
<— •
_j4 » uj31 » 3
XUJ • JJ
sa » — 3Zn U * X o
0.0 • i
—
<•! » <a jj
^ • # <j




a >o .......... » -• o
—-1C000300000 » -I z
at 4Z — Z T
1 _-i 3 —Q 3i_> • »-










O Z o>-•oocoooco—4 UJW -1












o _J a*— «—IMIO 4tf\4N 00^03
< 33 UJf— —a>
<,"» 4 ax UJ
^n •»»- a— cc
UJ « 3-1 u.
I «zt— 13
a. z3 1/1 —
UJ z
7" UJ— M
-Jli 4O Sh r
— «Z UJ








* — J LL
» I a
• -' u.








» '-* *S\ J1
• a. — -m













*i Lcj^u^-f^U'V^jjyn * # * —
•
O — U.1 -J" —f\lJM}(unt-«A« ***/>
Z >— £ » • X
<* I I ~**-»-^pgrsinj * * -i






r-o — * *
Z'-> •»-
u* • ui z-« -Mi*>«rui o"- »>o-— ui •
S"T) j«^OJMJ13-J"«-* I— *
3j* i.uj-»-o"j"-—J, o>r'0-^'» < *
19 —3T •••• h- *i 1- —•r*ievmm<n* + ^ » —
< __ • ce3D t- **-
U. X 3 —
O a. • ">
I »
x o *3 3
ui a •
j: » *-•




— T * HI
Xul * 33« »— Ui
z<m o * x 2
co • :* o
—O »<3




Ui UIUJ> J»0»0»^^y ^ J^CT^O »Q >0 •• ••• »— O
— •< ?<J>r>v»<~. *-»-.-—.—to * -J Z3 --^f»ax3)sa;»»<ro *o —
cr 4Z — • Z *
< _.UI • 3 u.
3 ;u » t-
Z X a • z
< 3UJ * j.
- OX »
IU ./» » * -. l/l3 • »i/i ui
ul « * «* O3 »_(«*3 • • o m
• ui */>
Ul l-J?0»0»CO»COJ • 3 LU
oc z< Toroyoo^oo * ui x
O u.»- • *3Xoo:><»i -r><'xr» » — 3 a.
i/} *-r*» * x O
"n. h-o* a; »o u.
a. ^—. juu. * t— a ac
— ulf* O.O X ulxx« * -u a
t/> 3»» * IXJO • « XC ti at • Z Z
ui < ul * » —M INI * * X • ••
u Z 0>O0-O«OC-OOM * • V, 1/1 l/l
— < LUOCM
_J * u — »-•
<S> Uj >Z -I »*X X Xi/iXacu- < « < 4
< UJ3 •
_J i/lOT UI » X >









UI Ull/t UI •O —fM or w-^«Mf»%^-tri«o^' 'S^O—
3
•
< S UJ*- — —o »•*•*••*•****•••*««•*•» —i^<ax ui # *ac
1^ <>»- a »— a # » a.
u s> 3_j u. • »!_•
X <z •••*•••••••«•»•••«•»•«*•••• z
u Z •C tit M •
UI Z *Z -- — ••*•••*••••••••••••••••«•»••«<•«•*»•»«»*••••*••««
—
—a <
c» *i- xvamo^* — aoiACM^jamo
* <Z Uimf*>« (MIMIM ** *m ^











^ jq o-ro«r ^-i^'^-j'-fl —
•
z>-z * * 5< I i .^—imcnpu »»^









(-O — * »JSO »••-
lj • UJ ;* "> co*» O OiA-r^^^-^ Ol *n j<fonj»-r-»nNj.o - *
3*1 lxi'i~-"JO.-JJ\J«<]3 « »
e>— —i »- •
QC — —•-*— rurufNJf^r^^r VI # -*
< -JU. - <•33 >- -





CC »* » » —
g r'n^iOO o^iflMWOO ~Z * »Z





















uu33 JJh- • • • • • •
UJ — ^.
oe >-o ce











i/1 < uiun -J
< Uj >Z -J
























» I ., M
• w ISl ^
» c HI kM

















VI 4 II UJ * » (X
l/> *,*- i— CC * Q.
Li. X 3 — U. • »u
X «Z •••••••••#»••••»•• •••••••••*Z
--. O *
u. z »
B M» »- »
UJ z *
Z uj— — •••*•*•*••••••*»•*••••••*«•••*••»•»••*•»••*•«»•••
—
— CC <O cot- T»*0'0'U«*0'OIM»*0











^ ^j«x ij-n^- —i.o*j» -ro-jj ««.r»»«>* * • **
.» t-x • • • # »x
«J
—-"I | I -.—OJ, » ft .£





i/io * • a
-o — * • -e
;3 «•*»•»••-
u. • Lurr^ ao* ^o j1 "vj^ o(M</>30 uj *
rn jttjffl-r'ooj ">—o» - *
3Ji a. u-.r<nrip- J>Org r o ton < »jo —r >- *
a - -._.__—.-. <ni •» •-.
4 -JU. ftft-X30 *- • * ••
u. X 3 *-•
a a. ** «"
z •




>uj ...... ...... 1- » J
—cor ** j*»^j>«>^>fMif*-. * at
*— iTOO"Org*vjrg^jiNcsi »<
rsr «
r _3X * "* "JZX <j * x 3
cc ft 1 Ul
— o • a 3




u. iuujOOi/>»^-^-.-»-.-T 7*^0 ft
a >o«.«... •«»«•• -- o
—< f>j%r •** j-»-^-*asO » _ Z
at <Z .-• z at
< » 3 uj
a 3o * >-
z rat » z
< 3uj • jj
- oa. »
</» * _ i/l
.- -.o — * * i a
H-30 IX » * O U.
ZJ"t UJU. ft ft u» C X
-
-r 0.0 ft *#*•*#*>• ft ft* • ft ft ft ft * • ** ft * i OlW X * * tu 31
3 3>/> ft XX
uj 13 O ft < 33 at x • z z
O < UJ • *••»*• —
>l ft ft 3C *• ~
a z n>oc^^oof>o^-.*N • fto to v>
UJ < U'O —•*• ^* -J • * u» — —
r uj >z -i ft»ft**»*r x x
r- Z d U- < ft -3 «T
« uj3 »
u. v>C7 UJ ft X >
z ecu. oe
act •< • —
O U. * a.
- t/1 ft CL
X UJ ft <
— ™ ft VI
o »
iy> Z •
a. ujo uj •
tr _i<M af -—<\ir"^ir v3r~«rCT'Ci-*>J3 •
« e^ u.-.- •—-^.—
o
• —
^> « c 1 uj • ac
\n r~-— Q." ot * a.
— -L T _* U. ft o
X <z • zO ft
u. Z ft
C l* — *
UJ Z •
X UJ— — . ft. .ft » » ft .* »» ft ft. . . *« ft ft ft »•• ft •*• ft ft ft* . •». ft* ftft •« ft*
— JS «
o s;»- xoopjoesoe'oooeoo
— «z ujpu-.co> »'»'0'n*!«oj-.

















































XI »-o OC —3 zo *JU-








a < _l_ -J
cj UJ >Z -J
^v X a uj ii u. T3
























a. x UJ • » i
- — a • « a.














^ CJ^*-i * "*O —ujrj »>•>
Z r-X • » X
< I * Z







l-O — • *
za >-
— • uj— Z> VU *
E-v* -J<3 - •3 3.UJO < •
o — r • >- *
< _ia. »at33 »- • >-
u- X 3 • —
O a. *<s>
X •




>uj • * »ul
— ; » _
-Z »•«<— •
_i< * uj31 * 3
3Cui * UJ








c >o • •— u»
—<0 « --< Z
a r-<-0 »o —
at <Z-" *Z at
< -juj * 3 ai
3 3o » I-
z ri * z4 3UI • UJ
r- _ i *











UJ o o3 at at
u. < u.3 "J
CT Z C><M
< UJU _.
ce UJ >Z -J

































— — » v>
<J •
</> Z *
UJ UJCM Uj »O _j act-—3 *
« aa -— <3 »»*»•»•» —
vi < a.x uj » »at
v» j~— u.— ce »0k




C vi — •
uj r •
Z uj— — ••*•••••••»••••••*•«•**«••••««•••».»«••*•••#*•••••
—
_a <O Of- T lM — O»0O»"Jam*<"«VJ^O









*£ -J *t -" i^ <~ -^o ^ojni X)~n^~ • •**•#»—-
Zi-r » *x
«J -vjr\i-«-< | | —— » »z
—








i-<j — * *20 ••-





























111 u, UJOOOm* 4 1^^ #*>(*>0O
—
-i m ^fli*ici^Q














•^ 2 <00 O^Of' "0000-0
n.




























* » 1 5














L/l < Ui • —
— »M X
o x c>oco-m*^ooc<M «o "i </*
— < uj*-> -* *u. — —
ui >z _i » r x x
_j r xuj ^ *<<
n. ui3 •X </>0 Ui • X >


















*£ u< •a'Sr*i-T -si IT -omfjr» • <
c; «uin*4CNrf\r»Ofloa * i"
Z <-£ *X
«» III __-.— .£





>- -3 — * » JJ
<;o •• • » #•»-
n. • uiz-y:y.»»-^-oiM^<^.o uj *
T •» _i<tiN-r~-7--J-J'"-7'^J* I— *DN L.jmo J>tM J.?rsji/>^<\l < •
,-> —ir •••••••••• h- •
< -111. • *JO *- **-







>aj «••••••••• h- *0
h-«r^<MINj(N|CNrglM<\|f>i »<f~ *
-,< *3X • UJ
III! * 3
30C *-" UJ
Zfl <j *x 3
w <S »* O
—
-O »3
I- • » l/»
< <*> * I
— • z
> • —
ui uju-^ >^^ ?^^C*^0
C >U> •••••••••• • ••« o
-<«-iWliAfl>»0>0 «•_! Z
ac <fZ -• #-»Z a
-*
-jUJ • ID OJ
3 3g * i-
Z X* z










k-f- -4 *I U
H- 0> X •<-» J.2n ujw »u. O ac
— O a.o * X u.
w x • * uj a
3 3m * IX
uj O O * < 33 « at • Z Z
«J UJ »-•
•J . . I •• ••
uj z ^>-a)0—o ©<—oop^i ^ «/i i/i
</» «» UJ1_>—• . »»U. — —
3 u. >z
-I »» I x x
C T oluj < » «* «f
r U-'2 •Z -" J UJ » » -







Ui uiui uj •
19 -."M nrl--«<\l'".Tirv^~.<a30»C3 *
< O j— —
O
• *«»«•»*#•»•*••»• —
l« < H UI • »«C
</> —•- a.— at • »Q-
U' — Sml u. • •<_>
1 33Z •«••••••*•«•••«•* #»Z
<— O •
U. H. Z *
o *» •• •
UJ Z «
Z UJ~ — ••••*•••«••*•«•»••«»•••••••••••*••*••••••••*«••«•
—
_« «
O «•- T»J>C-0 1-'J3.rO-0iMBJj> O














'J — UJ 0^"^O-*rg(*>^\ro(M » i/l
z - x • • X
«t ji^iflrlN-i l —»<>J Z
— X I I I I I I —
>o *
i/>0 * i
n-O ~ * 320 » • •!—
uj • UJZ t 0*^ 3 -•j^-nJO—>o UJ #
Xi-u j<Jflj3rlND^N-ji - *
3ji auj— •NJ--V j3 a joinj-^ < •
ij — r. - •
ae t- —-< </> —
< -iu. *et30 f- »i-
u. X 3 »
—
Q a. • v»
X





>^j. ......... _ ».j>






r i_i • 3
3a£ »»••»•**»*— uj
Z>M U • * X 3




































< UJ • —
1 Z 2 VOCOCC-O-GOO— *o
C < uj<_) -J u.i u. > z -J «
x
e T an. < «
uj~ *
a. ma uj «.
X guj <r •Col J « —
a u. #o.




UJ UJ*- uj •
<j
_, *-—«\im>ru-N.o^<ao,a3
« s uj— —
o
» —
•"> < ii uj »ce
fi im»- a.— ir »a




u. - Z •
C i/» — «




— «Z UJIM rg ni — — — — —








l ^ X —i-n-o-^u"- D(N-rU'*»
< x^-a -—.*.'--»--4-_»<T:t--» .*•.•-•.••»O MM uJ I**. »* 1^ f«-»<J*\ fSjO — (^ U*N
z
•t — 1 1 1 1 1







UJ • LUZ 3rgTi>-N»*o^fl










j X "5 J -5 JO 0-0-0*00
>u_ • • • • • « • •
-T3 0J 0-0 o-ooo



































































* X *• •«
• <_' tS) </>












O nj ac*-—jr-jm .-Tin^«^o;
-tf u,— -o
u-1 < ax uj
l/"t mi— a.— at



















This appendix contains the transit times for each type
of message in the system for the day that generated the



















X " _j<tu-*-«*»3"i IUjO^/I
_l-»
















LU LULUfNtrOQ >0 • • •







k-rl <X » k»
Z -3 — '_ * —
— — U.O • ul
X • • <s3— # un <
X O D •at
LU at lc » H-
K <X- UJ *
t/1 ** • ••
> Z C>cmm • ui
li < ujuO— j • ** —
LL >Z-« _ X
Z x a u. « • «i
— u 3 »
^ICT LU • <







ul Z *» **•• rsl7 UJ-O LU « •
« -»— jct-.-cg^S »*•»#»
a 3— lu— o> •
— <t I LU •
LU — ~ -J - **•»••••»••••»•••»»• ••»•*«»»•••»••• —
O 23Z •
< «»— V3 ••••*••*•*••*•»•«•••••**•••«•••»**•«•••••
l/l - Z «
in in •> *
Ul LU z *
X uj— — •«••••••••••••••*»«.••••«•»•••**•*••*«•*••«•«•••••
—a <
-
CC1- x o ooo O^O o o c ooo
CV <Z uu^ — OC* O^orfN-Xr^^Jp*






z _j<t -•-»«> o









.-o — •20 *
u. • jJ7m-*-B'*t ui *
Sfl _:<—"V-r^J - »-rDO 1'jSJJ-^ < -"
J-« _£.... H- *
OC - -ir«j.»» u» *
< -ILL »3C •- •












































VI Z » •» «••
?. UJ-T UJ • •
< _" > ' ~j<^ >r ~ *»*•**
ac as u-*- 3 »
— < o.x uj *
m- a.— iz
wu - r— u. •••«••«•••*•••«*•«*••«•••••••»•«••••
«z • •1 1— o •*•••••••**•••*•••••••*•.••»»»»*»•••
v) i- Z •
</* vo — «
UJ u,' Z 4
x a» — •••••*••••••••<*•• •••»••»»*••<•'••*•«*«••••••••« «•••
_ia. <
a. est- r-o*r"iM*c«C(Nj^<j»o
a <Z uj?jox^-oj^>r >#> rt <\* «*






£. j 4 ^>*^ 4j^ -a ^ *j o« ' jij\ niiu^iiavfm^j^
Z —TE.
— i I I I I I I I I I I I I I
>o
Qu.
to _»< >c"*jjo rco^rjo 3cgx JOjfl^-. h- * -!
ro UO—Nl^^finoON'-tJJOO-*! <* • •*
.;— z •• >-2 I- _—-. St •
< JU. .30 H •
u. r 3 <*>
a a. » —
I *











>o«.« ....... ...•.•«••• • J» t-
oc i z -« * z4
_l JJ * (/> <
a so » iu i
Z Xtt * a >-i-
< Dui 3
i- u& * Z. a.
St — uj
• X O.
h* <vj lA ->j * x
i-o at » >-
ro uiu. * — u.
ujir* a.o * wi o1 • • 4.
X 3-o » ir* < •
•4j j— o » cc a
>- ac « •» I- Z
l/> «J UJ •
>- IVI * .. ..
v/i z ocococoorooe-occoNOC- # </i </»
Z u. >Z J » X X
— r olu. < • «r <
oj3
uj ^•J UJ » X >
x ouj ae *






Z Z • <>*
•T iJ -T UJ •
CC M at H-~«\ji^.j»ir»*0^03<7'0"-»Niri -ri/* *0***a0CO3 *
— UJ ~ -«.•"*-<«—^*-NO •
< 0.X UJ •
u> oi- a.— K *
<S — _5-j u. • —
•« SZ •»
\n <» u) *











< —-^- -.-•-.-. I I I I I I I I I I I I
— X I I I I I I I
>o
UJCC
Xm lajO-« .-sj»NJ"^(-^ J- sj- jy j^ ,J c^r» 33 JO .7 .* O 3—•— rsJ~J-<>fn,J>





>_l ••• ••• ••••••••••••••


















— C uj»- —1^.~^— -«^.— r«'<%rvr\»<\jrs.<vcgr*o
<t a. x uj
uj ^^ a.*— ac






























>-o — •ZO »
o — -z ••• i- *
X *- —«-*.^-^fMr\jruoirrv«l */> *
< __ *DO K»
ll X 3 •••<*1Q Q. + * —
I *•*
X O •3 3 *
<s> a *












O >0 •••»••••••••• 0» H-
O >-»- ^tT)I7'?»?lf>0 • i/>
oc <Z •— * ~
«» _L_I » */ <
z roe •* »- >-
< 3UJ » 3
h- ua. * Z ot
yn * — lu
• • • * *>0 H"
- JVfM







./) •* UJO —
Ui >z2 T ---1 <
" UO
i/iO 1











vuin ui » *



















O —UJ.-.JO O — —--•TO J~— *T?-?"V*Tr-
z — i •









uj . ojj-r<7.^'3fl ,""jo-.o'5inT»^n
-rsl — 1T
































»* r~ Z VJ






















Bl ZZ JJiD Uf
«i
_j.r <r>—— ojcn.j-trv.oh.ascT'O—f\jr^.» u*s .03
at *Q uj— ———————o
— «i a.1 uj
— a.— oe




















>- c • • • •








LU • UJ Z O^ON
r-» _J"( 0"iOO
3m B. Lu-r? -r "o
J<S1 — r • • •
•

























C :>0 • • • • # 3* •>—
— < MIO * —O >->- *»o » ^
a <3 — * z
<J JUJ » «"> <
ZT.ce. *»>-»-
< 3ixl • 3
>- un. • ' i























4 LUU o— _1














Uj dl— U/*- a
o 4 O. X at
«» ^J>— a. — ac
u-l ^J 3-j u.
^ OOZ

























(JJ • Oj^Of^OO^O UJ *Eo -i-ao^o o-^o y- * •*
3 iuj-^moao < » —
•J —x >- •
o£ f- « «» •
< -iik •3Q >- *
u. X 3 • .1
O a. -•
5 :3 3 •
i/> O •
X • <MmOOOOO — • -•
>l_) • w •
-C03000 •hZOIOOO *
_.< • -fx • —
T.uj •3« •
Z O *O »
— * o




u. LUUI0C3003 *Q >(J •••••• » 0* -
—< O * —Q -»- O • v»
r£ <Z -. » Z4 _ -j • ^1-53 3<J » —• t.
Z I5t * 3 t- H-
<t 3UJ » 3







uj>- •••••• • — %rt
oc O * o »— uj
h- O » X
l-O tt "• »»*• -ZO UJU. • - -
-uO ii_ * 'S* O
X • • z
:< » in < •
X 19 O * a. a
UJ K X - Z
to < UJ *
v> •* « •• •
> z cvoosocx * >/i i/i
wi •» uoo
-J • -f — —
UJ >Z -J * X Xzrou.«t »««»
— uj2 »








*.£ '_;«! JMH-r -^r*ry-«oo*J
O —u_o .r^nr* jj-«>r»»or» *
Z »-X ••••••••• • •
< J\*T*T ^P4:>J— ! I * -O






»-o — *20 »
U • UJ Z—<M""l *f^O^OO<- UJ *
J--0 _,«!—^"^ .r^ 0*- »0-^ M- • -*




< —J- •33 — *
u. X 3 •»>3 a. • —
r •CO •3 3 »
«/> a •
X •'M
uiaooooooooo I • -«









— .»• » •• »*o
- • • • -« uj





a >o ••••••••• *» >-
—« 000 » —3 -- J1ir>0 # "»
X <Z -• * Z
•»
_IUJ * -> <
3 3ul * UJ tX
Z XOC *•»*•» - >-
< 3UJ • * 3
I- UO. >»»»» Z 9C












1/3 2 000c coco—0—
« 0,0
-i






• «f — —
Z Z
< 'jjrj uj
X J X *•—cgm^ in .O^.OCT'03






















































UJ yjuiOO3 >o • •
— < o
a >-t- o










a »3 •O *
a£ • <••*.
X » —
• O >- t-
* -. OJ
* ohjno » uj <
z<oo * 3T >/»
j— • . * — i/>OO 3 » -0 >— uj
>~ o » r
H.O at —> * h»ZO ujul * ""a.
iuo a.o * >/> o
r • » z
3IM • u^ < •
u a • a: a
cc ae i- z
« ui •
>>j * •• ••
Z C >CN * </> ui
4 ujo — —j » *r — —
U- >Z _. » X x
T ecu, < * < «r
UJ— »
in9 uj •» x >
aSuj x *
_
-. -* • m
X <S U-— o
— < a.x UJ
J!>- a-> ec





















2J >-r . • . .







JJ. • ujz-* 7»fr' J3
Ifl j«aj-
3J"> a. jj ^j'ma














3 >'j • • • •
-•< »Mno




























z z e >o—<»>—
— < UJI_> 1M -J
UJ >Z -i













ujtn UJjM I H-Nn'J;3
UJ a uj— 3U « ax uu
« o>- a— a:








»* .1» — —
1 <z2 - w
153

I ^ Z*J~Q o^*— *»13 W^IT Ji<J*iJ» J» LT 1* CO -U*» »»r» -O
^ _; 4—•r--^ -T.n—•*» 'UJ' j>—jr*.«\tr.nif*.-«tf>j»'«,i*»—
i
Z — £ ••
< -.—— I I I I | I I ——





^3? -J4*- j-*r^— T "*».r* **—• 7*» tp «** -• 7* *•» ac**-* :r»«. J\








uj uju»00'\if\ir\itrij^t/>.n.— -*————i— ,1-p-*-»»o
^ >o • •••••••••••••.•»«•••





























J C£ -— *Ufn*riP ONT0»O«- ryfl ^flTOMff O—«CNO
UJ A UJ*- —-——-— ^Jfi^iJO 4 O.X U>4 ••- ii— at








I jf. £ -JO
j: u<'JU
O —JJIO











<JJ • UJZOO Ui
x o _i<«oo >- *3 ctujmo «* * -<
J — X • • H- »
Of h- -4 U» •
< -JU.
= 3 »- »
it. X 3 • m
O a • —
r »
x o •3 3 •
i/> a
o£ *IM
ujocOO Z » —
>ai • • - *
—CO •







o >o • • » * I"
—< O » —
o *->- o • \f>
a: <Z — • Z
<* _jUJ * i/) <
a 3vj * tu oe
z xae »»--
< 3aj « 3
(- uo. * Z of






-_jOO • UJ <t
z«oo • X lO
U.>- • • » — l/»
uO O » "O » UJ
i- O * X
- o a: — • t»ZO u>u • •« U.
u-O 0.C irt C
r • • z
3<M »«*•«•O » a 3
«. a: t- Z
< uj »
-* • •• ••
Z G>On # co on
«r wu — * *• — —
U. >Z -J .XX




or a UJ— O
H- •4 li UJ
WH- i — a























— _l _loOoO«* »Q Q
VUJJL'J -JLU LU
i—or>-•xn-Jixi oo
<o -l;i— i—-•—z 3








it <X U.ZZ oo
h-Z —ox— •- "-
xuj — •— ix z —
u'— zacx i/!Xw <
1/1 XH-CLUU. CCHWl —
>- »-<x>—<>-z ai •yy
Z >— l/Ioc ujatat
uj LUi/V-5>-f— oictxa. uj
X • Z^i »— »—u. O
X <oOft- J3 uj • <
C j?W'JZO.j^IO oo




'J - <LUS-.UZ UJ
c— >/ii— • o<x< x
-Z— Jt»-Z a at »-
zsrt- — >o._i uj
LUX Lucc*-at —Z Z
•— >-c ot-<iur3< —•
ft h— t_i Kl/lhl/lO I/) U. •
X — </)•—voa:—- a>z
» a:~-oic ooo« ooO J»OtZUj ui ujXh- —
• 1 rxXOXCiCJI— oo oOh-
u. JLXO nti-i I z«t
• <i;itc«i <.u-3ZX c -J
UJ Ct —U_X>— CUjC — X
« ci— _ji/">c«roo fr-o >— s:
C Coo«tC t— •— oo 0>—
» a<(_^t—C_;Z>t— ztn
o ac c^na :l u?< x
a OO l/5£.C'^-U.a.<00 "~
« ooo-u. oXaC Z OX
< at, vt- • v- _i.-*c Z»-
tr^-uXx^itL-'u."—*- —
Z <l»- "^ H-UJUJ«t OX
Otu oot— —-*> X»—o ^C
— (-</ Zu. _jui <r— _jX
«*_j ;u':T7>r~': u_x
atxoot-a.xi-uj_i>-xx o
lux— u«* -jX tunc1-IZKOa.ZzrC XX


















































a:o « • •
<*i in N. -^
a.i/i G» 33 -x
Xoo • * o
Clj •v >o -rOX o o —
> eg • »
< - C »<t JV^.C
z-«* one C'OOir
J£ -0s • n •* •
at a. M4 »«4 ^•—.t^ —•^.CO Z^Z -z^ozo
UvZ oriTcc— cc «or -o
a. •^ >v **. •
v>«» K c\ -t\ \^
o >Q m. ft 33
—> • z»xszcz •
——
— X »G TX^C-^
00»tt. —>»— »— • —.3
—"Q' f- (-C.I- ^»— •«»- ^r
-CO U)— 0<MI— J-O «
< —
r
z »z -z «zo
•— a; — xox •£XO~"B
lOQ. — u-^-a. 03U.OU . •
• • • v.
ix^ae-x.a.'v.a.a
Q-vno. -a.mo.fM
0.' »«_' "O •*_
ZfMZ>XZrrZir>
<,*»o.mcc_|>T
















































o c c ftocc
T'y-T ZIM7C
actyei or~«a:m
is. a — -r>——<•— ~o
t—< c -C'o «o •
<U> ZSZ 'ZsZ*
p— o xoXLnx-~XLO
O0*^ U. •0L.**U. »ou •
>. • vT *v
o.crava »a.o

















































































f» »3>o»-" (\jm-r ir<-or"- j)cj>o—* ojei




H» • -J «*
—
—UJ i_)UJ Z
oe • </»o z<j •-
a— « x«* t-
~2
_J00 <t«/» 00
ao <_;</) —</) uj
clu. <m uj o
ui
_i _l Ul0— oOO <Q O
«X _)Z >Z <
ooX << —«J «/>
001— > oc OO
UJC3 — * OC • UJ
xz a— <— r
iu aw or_i
»_i «s«J ujo •
— a:_j h-z —
3oi aiu za xOO t-Q —a 3!
U-< Z~ — <.
X</> — UJ —
<<Jl Z OZ
— ai aio <a «/»£ O— O0« _lO <»- O0»— -4JO 00< UJ< •* >
<Z ooZ XZ <M «-X uj<— — — a£
•— Ik Ui»- • <X
at •• «/J «vi -• <
c-» cjuj auj "k c£
<3S i£Q 13 <M UJ M
at <j O i/> -^ — O
uiu. xuj -^ui -• Z -«
I-
1
i/>0 O 0.0 » — •ZQ >»< O 00 —
<
O — -•
—i— Q.O0 * « Zoo <J» UJX -v >f
—</» » —< </)<•) • oat o> •><
ujz Xuj —i >» iu >» <_i-r«
-• ao via: *v o o oi <v. oo— - -•
—
• <•— m -» f- uj ~o oo • >»
• tsiv- a - e*i »• i— » • lux -o <m
— O0< O UJ— «• -• .0 U.—
•
-* IK CT> —
<
•n. uj z m —oo .*- >» j» •— _j 3> o • »
r* i"-1 » uu< 3» *- • oo<j • —• arz >» >r
•> h- — O «-_! • •*» oOZ >> —' IL'UJ N 9
00 TOO "V ~l O0l_ "•«. IT O <3 CT> » X —J »H •
o» (j uj in » ooq. xv o> -o —
c
«r -* i— •-* v
• *^c rvj «^ <— im • •• o~» » >» o <ruj » -^
C -Ot_!fM XUJ (_>-S>G CMJ t^> (_'(-0 CO^O« X>- (_f-0 C -•<_: * 2«* UTP «
k » • m O »^ •>•«•• t— • »C^ » •«••• >— • »•« « « »—< >/5 •> • «<>(«^m-^ or <t -r •-r^^rtj'-r qc«--» ^3 .o cc-ov a:-^— m"^ir. 'j^<r'-n«^ o:oo ^-^r^-in
Z'-Z'v coo r»*z tot' cxw x*^~ zffzo cc _; z^ z zo>zc cu. zez •
c: »ciri u.oo otmcr— oc •* u-C** 2"^ce ol «arin u.co atr^a a •oriri u. ?" !X«», nr'*«.
«v -* U- an %, >» — _J ^J -v. « "-Z - >» « » O
Ifi m oO X » f* O ooao » it N o^ccX ^* Ou^ o^C (SI.*
• r» u: •* » » uiJ (M • f> i_jOu-j -O - T oZ r» •Z—Z^ — • Z7ZJZMZ — — Zi*-2"OZinZ • — — Z •ZflZSZ • — <. Z >Zfl
x^c • i— — c 'CJC-fC t-o-' x «c »cxc^ i— u; g:«>vX •cn^s t— a-^o-n




hCl-N(-V|. —«-t— |-iAI-Vh-VH-(0 ~«»i- >— "'I— «^l ^(— (M "--» I— tNJI— >«»
IJINO'-' K-u. LJ—0<NiO<^JOiT» F-ulO O— (_;tNH_!~J(_; » >— oo:5 U ••(_!^0(^.lO » — "« O 'UN
Z «Z » <I Z «Z -Z «Z(NJ «JOOZ Z »Z -Z »ZO <tooZ 2T"~Z »Z »Z—' < "S 2(MZ •
X0"Xm >—o. ro;?;^; » k-uju. X—XfXCX^o t— ujuj "'"r-ttmZO >— c C-OX^
U-ajU.^ ;/}— u,?u.7'U.>), u.-< o0Z:_j u. O a. 0* Li. 3C u. • ooX—I — «u»^U.03U- • oo—. u. •wS-vT
3V3\ 3"s.i'*v3'v.3U t-o^oo^oo^vooo —I'M _i"^ _j"v_jO <M >»
(j»^o>n uvnci--*J—"-"(vj <nfi<-<-« <jf\i <_;-"i_>-"<j—«o-- -* --
U- »U- «• U- »u "tt. -u. » _1 «_j »_ »_J » "Z -7Z ~tZ "ZZ * X "X
xrsixro. Xtnxr^X-cx-*- u^ oi*" i^vrvj -J» X-rx*X-cx>r j«3>o
• •»*•*** • • • •**#**# » • • •*##**# • • • •*•*•»•*** • •
158





































— » ^(»(M •r m
<:—
.
l- -c u2 — «k Ok «b
BCO cc"v r- 33 J3 CP




'_> 03 » O




!/>* T" —vf~ — T' 1
— tt cj H-<Vl— t— "Sv(— •«N
•-Coc U -O u^uo
<—
<
ZC 2 2 »Zn0hXJ 2or 31"^C <? 3 •
00CL—
•
U_ »U- Mi. OH O
•v -t • lf\ZMZVZVZ .0—o(\jo—'J'v
or -a. »a' »olC













































tm vj---m m „
O0LL. <-J«^0 c <_
J .^l- . » «.
3L<J —>M* —t —
>
Cu- 2r\;Z 2 2




— » 2-^2 ZNZ-
-— CTC 2 -C^
once — j-— <*>——»«—C
•—
'V— l- —«- •l—'S.t— <\J
t-~ O "O— cjfMoj »
<roo r-czr^ir -ZN
>-CL C~CMCmCC
00 — U_ •U. »'XlAu. •
^ T • «v
a -ret •cr'x.aco



















































LUI— f^ O 1 11 1
H-Q m *o a
2— m m KJw
> -r mt O2 • — >» <z
lucd "^ » 00a
'j— a* —4 in ooi-i
<H- in v » UJ^- r-
oO< » IM x< 05
oOZ (M — w z m
UJ— C7> » • LU«- ~*
r>- • -3 »v 001- >»
00 »* 7> 2oo >r
_1UJ fr « vT CUJ f>«Q.Q >r *-v i CO »2 "^ »r>i •.^ O— 2 Lomc«i
t— UJ U—
C
C — LJ~C — u. LJLTQ
<J3 .00 1 p • • (J » • m •
cc< CM •—
«
,-vjCVfM^. Oi< ^•^fM m
Coo 2^2 r* 3> 20 c«^> T^Z Z
LL00 a O^or a •(i'O u. 00 rcr^eC or:
LLi m »* » LU m
ooy » («• m oOX O
tn » m O 03
MM » ZNZ IT in z • — • 2 «2 z
>— —
»
a »c O i>» C*s. h--~ C-^Cf^C
00
_J •— >*— * — • H^O OOOO — ^-»- »^-
— Q. k-^>— «k— V. H-CM —
x
t— fMt— »-*^
1-2 OJ,^ (_)—<_; OtJ • v—
2
O "i^^O
<h- 2 -2^.2 »20 <^^- ZOZMZ
1— a. TMjiNJDIO Cm h-a. ro3 »c
OO— uvf~u. •u. ou. . 00— _ •u.asu.
» D • -s. •«« as
-I"—
1
•— -v -JO o0"M00 «oo
aacvx^a-* c—X^X
3 -Jt^—2 fc 2 » 2 »2—Z
>-«>- •*— «r >->»» — c>— —










































































































U> tttL" U. •
v • m
t— ^W.VH CM
l/KNio*}— 00 •U »U »0"V
som cam ecm
<rvjCfsj— -





a._( rg M eg
— u Q a
UJ - « •
(«i ift « m
•It- z z z





*tu c O Q
—o — — —
U<f I—Ch- -





o<~ u>j-u »u •
«irNaf^om_j«n
































































rs) <\i (\i rvj -——4 f\j^ (^ rvjm^ eg
V. >^ «v>v >» *>. "s.'Wv'W»v
(\i rvj inj r\."v; fM r> i (M (N ru t\i(\i<N) >f
U UJ U. 1 UJ U. UJ UJ UJ U.' UJ tl.' UJUJUJJ—'JJJJ-JJJJJJ
rococo nccccaiacricr sec 32
<I< «T <<<<<--;<<<< <
—*<m wi Nf ^^ r~ a: O"O— fvjei











ZcD-arMei'Tcn-or-tac^o—«\m^moN •D^o^fM'o^rcn o^-^7> o-^!\ir*>-r.r» j*— coo»o>-*f\irOvrir\,op"'=o<J, 0'—<(\in">^cf\NO
cuoo -^-^^^-"-^-^--<—<-<r-trvjtNjc\j'>arvj<vir\j{\ir\ifNrnf,ir«ir'irnfnrrir«irnrri^r-T








t-<yijj jwiiu. ai ^ >-
<luZ - O l9 \- y-
>UUI1 cOCOx < *+ •—
:cho -co co co
i
at t ae •
>— _i _jcO(/)«t »0 O eo^» 0-"> X-~
>-'oji_>cu _aj ai aio —a. — i
t-cy>-ro_iai co zz aoc aco
<U LUt-t-t——Z X HI &»< O.U.
eOLUQcO 36 »_j CO Z3—3 —V-i LU 111 — LU_J LU_I
Ou; att-ZLUcoai a ollU 'J— O—
_iZ»-lu< C~X 0.0 < <
u-<iu.rt- «c;h c o< cox coi
a:<Zco_iZi—o _ Zco cot— cot—
OU-O.X LU u. <cO clO LuO
— 3tctu «•> — lu iz zzU.2<-OCI «0 <_> Z Ul ai
LL«J uO_j3*l—ooZ — UJ «_J "_J
<IOCOCOLU CO< t— K-Q -» -~
K <X IUZS co <Z Q.UJ 3LU
H-Z -UI- t- —
•
CC< ctO <_>c3
qoj _»_ ujz ,_ ,j. <<j u.<
LU— ZSlLU 1/1£UU < _J » -* COCO SCO
co — t— Cuju.OCf-</l — <-• » <cO <*cO
I— H<CK<I-Z cu CO >ac -* — Ul —LU
Z t— coot luccC£ —a. >. Z Z
LU LUCOC >(—cOu.00. LU CCLJ (M _l O
r •— zvi *-*-u. -j ciZ —• <a —ia o
Z <co— JO Ul • < <Q - >Z <Z -*X -IZ'-LJZQ.J^IO cO ut— ^ —•< X -*;csz-z<iho co lu o at —• •
3"->
—co—ullu co lu t-Z • at • oC • " **
— t—coxx '.uhh" Z ZO >» <—• a£-~ *v
cO<— <_> cOZviiLUO —•-• — aca. <t3 o
o >— <luxll»z iu — -t luo; aro OC—co— • 0<Z< X '-"< » t-< UjO. ~il-Z— 3TI-Z CC ac u- 'JZ >T Zco )-Z
XXcOi_)Caj<_ICL» «t— CT> —Q ZQ <S>
ZTi— — >a-_j lu coh. «f • -» -— a»
U-'X Luari— a: —Z Z coco (M "^. cU •
-« t—C JK<iL'Z3< — LULu»C> <SZ LUZ >»
» — -j '"^'Ot—loo »o a. • XQ -- » O <0 OO O
1 — <Ti 1—</lc2~»— u<Z >s.J^OcOi— <—00
• oeC—con Oco«;< CO cOLU O -O -^ co*- O cOfc- »
LD 3t(XZUJ LU LUXH- "» CCS (M • » LU< m c0< ^-
« tc:z3X — QH-oo ui»— <i <i « "v -^ ZZ » '-uz tr
U. Z~U i>—Z Z Z< (5-LO CT> -o ^ i-. —. J.— •
• <OU.C< <u.XX C-l Zco <J> » O OH >v i— >>
LU at — uLO>— CLUC »—
3
Qlu • -O ^ <LO O 2L0 O
• ch- -iLT. _3<Ti/"i >-o »—
z
uz >» -o •— a.iu ^r cjlu -r
^ Ci/i^C 1— •— CO UJ"" > >C • •> CtC >* • SO ••
- ct<<-:a t—c_z>>- zco <r » -c--^ j"vcna* < r« m cr— eras u. ^ctim
<_• a>C cl^'i.'Xllco< x z— u; •<= c *:(_;« colu <_' c c ~_)(x: 2.lu octc
o «cr<acLox luco a, •>?n »«.«»• o»» •—< » • J » » •»
I co wa.Cu.u Q-<tto -« a;a — <T —•«?•—«cn-^>» ec< fsi (M Mvr\j\ fi«* i<isfi
•• criou- ulcrO Z C2X Cu Z «Z »Z^zr Ceo TTZ ZMZO Cc^ ZOZ
< au^>-Li k J7Q Zt- ll z sve-re; .aro llco DifMri ar— tv""* luco o:^ct
4ai-i-oi> V- 3C>- co— — ro en j> coz » a) *- coy —
.
z <t- <m t— ujlu< ex o » » • -a o «-• • p- o ^
O LL' i^-.f-j—> C>-0 jC — >• • ZOZ3ZCZ • — • ZSZCZ^Z • •— » x «z
•— t— co ZLU _jlu «*«- ^X —»--— CSCJC^CV -— CCC >Ci~\ >— — OvO
i— «*•— C'—r'O t- sUjZZ DlS .j»— q£ — •— .^ .—O cOq_ — -tj—.—.^. »—.o '^l —Omi_i u.rn?>i-; ll. x -ei i-nksk v^j- »-^- k-Mi-v.-^i-'M —o >— <\;h-
oi Xeov-aZMu_>—ZZ C >-Co uoc^JC-fu - (-< l- -unu «o - i— cu o «o
u;5— u;<s —y lucc < —z x -z »z .zo <»oo zaz -z^zs\ <z ?nz
a —xz 1—c>wzzro xx >— oc-j xcxoxoxod n-a x^x^nx^xu-i v-o. x=ox<m
C COt—X<»— fflOC«I-"OLj t— f— COC— UU"~U-X1CU CJLU • C0«» LL «ij.^-CU ^i- • CO— LU «LU »
avavixvao aoQ.^.Q. «a.o jgss
lj o •<_ •(_.• »l»- •> •< •<: ~a, (»"«' • a. »lu •O Z<MZ*Zrczen cor-coirico »co<M 2"-OZ-<
_i <i"a.ncOj^ <~0Q-<MOfM_jfM <r-Q-—








M)0<O-«oj'i-|>r ,-r>>0 ,"~c0 3, 0-«<"vJ'''Vru"»>o^-ao J'O^rgn^ .-i-o^-iao^O—"\li"*>-J*i/> o^=3'jtoO.-»r>jr'i.T J,\.0''>,'3^CJ'*0'--><^|rr^.i^
Z
o
to- -»UJ uai z
at • OOCjO Z'3 M«
O— «t X<t H-
xl -ICO <oo cO
uCU OoO —00 UJ
O.U. <uj UJ Q
I —X COX
uj_j
-J LUO— ooO <o O
< -JZ >z <
oOX << to-< oo
cOh- > a. 00
(jjO — » ac - UJ
xz tr- <-» X
UJ ot oo aC-J





3UJ IUO ZX X
U<-5 i-Q —3 3!
U-< Z— «* <IH ai
<o0 z <JZ





«/i «sh- C0»- <.
—a vo< UJ< >
<z oOZ XZ O to-X UJi-. Ml o ot
to- x»- UJC- -^ CC
(X OO OScO to <
at— UJUJ Ottl Ml ae
< 3 aa XQ >. LU
CtO
iu,
oo o h- O
uu. >.ai o» Z IN
h-X t/)C3 o Q.O to — • M|ZQ ^< f\i 30 —< •o •to
•
toWW aoo rt to XC0 o UJX -. -4*
~ oo to Ml OOOO • 03 •»» —>
tuz XUJ —
1
>» UJ >». <-) O •
m! oo oox >. o o ex o CO- -^ —:
—
<
<~ ao Ml r» UJ \t\ CO -« -x
oot- Q » <N » to to- to to cuX - l>4
Ml (/)< UJ— » ^^ •O u.— -to Xl- -O Ml
>» uiZ -r — CO »- "». <T — _J 9> o 0*
r- *.— (M u.< C7> f*. * COO • —
«
Q.Z • >r
• h- • o — _J • to V. OOZ v Ml U.LU ^ C
00 3uo -* M* i/iO «>» •r< O <r O to X—
I
o •
J> _ _ >» to i/i a. C T >0 -JO. -» —
•
h- 03 ^.
• •^C o Ml <— (M • to l_>w to >V Q <UJ to Ml
-O^^O UL irrv-sf in*«.rv _j O »f^ 0^-00 z •to"-!*! ifiO N* -o LCCJ3 -O >0 »OMtO^UN XUJ o -G c^o t«> omc cinOUCT x> i_-f-o X— <- to 3< use -
m • m m '-£ -<X3 » •» » » y- • »c - to to <k • v-. • to • to to to to CO to • toO^
rO^">-l c?<a -rO-rvTNi-iy^r or.— •c »*0
-o<~: -o'»>. cr<——
•
c-^Ln i^-r !/»*«. coo ^to^f-kTV




zcrz ^5 Cii-' zoz •
Ot •rtir>. LL CO or."*, or -*tx *ac U.C<t 4Ci or «o:iri u cu <r.rr.Ci. at •ctir U.X a; >rot"v
»»» — UJ f\i »». *s. — -J -* »s. to •-•z to »>> to • O
l/"N » COT — 1" -O i/tKC » IT *- coarx to* >o l^ ooe (M mi
» *- U » to » OO 1 rvi to X UbJ ~o • 0» uz r» >
z—za* — - 7-rr j*Zr\iZ — — z^znr^z • 1— — z .z m Z->3Z • —••a Z •Z rr>
c»a • »m» c^c o->cr>j-c — U. X »c "C — c:-^ >— u. x*^c. -CTX -^ >— c>>.c-->





Vl-Vt- —m— i— rvjt—^i— s»-n m<7 to. to-(N,i— >vto- >vto-og i i « >-rj|— >.
Oi^HJ— kli, OXCMUMUlfl h-oT? O—i-- 1M(JNU » I— «/1l5 O •*_' INUNc. » i— -x O -OfM
z »z • <r X z -z »Z -Zrvi <Tl/^Z *^ »w -z »z:o <W7 ZI^Z •z »z Ml «X3 ZfNjZ •
T)V-m -a. xox® —-o • *-<l_U- X —'"'o^^—so t— UJUJ x»^x -fXfMX CD h-C X -OSN
Ii.-0U.17> i/>— U.w*U-0"U.>l"U.-*' <^S._i '-Ci-^'i.-- • lOZj u. <u. cru. au. • C";— u. •u.-r
• • • • • -v. t • • V. v. • > ~«. >. •
J^-S-s. JT-^ JMSJC 1/lNulVl/IVl/lU JOJVJVJO O "v
ij^^if* <_)«T<_)'F-o—'OfM <i -r<i.— -3—IM t_—"<_ —o-«<j^ — —
•
u. »u. » U. »'_ •U. »U. » —i »_t •_ «_J to z -r •z »z » X »x «
rM(« Zi/tll"-xox-r <_)r^v_^(_)ir\t_;irv x-rx 8T>OD-r 30D3-O
Clfl-JC <j^aoC"-_^<y <sfai^C">-»"^ <(Ma fOGN- (M <-rco
















































inr- .— « ^•r-fvj ,* l*>
c;r- <?— CJ -C O VJ
» • 2 »—- » » »
*•>» at; OC^P" X ex
21T, Co. 2C2 2 -2
<*-- u. «f ioa cc—cc
• a to "V
r* c^— 33 in
r» o 9 • o2 • — >- • 2 .2 2ir>2«rC^ (—!—-» ~-^o CT ^"C "*
~c i/>—Z _o_ toto II 1. 1
»-ir. to-oc o 1— "\J*— >-vt-s




~sf 1— oc -J ~lfOmS9>3 •
U. • U1CL— U. • u- •U.OU. o
*v v 4 • m
m Z02S2V2 •
fM O—« rsio -«o >»
X • a toe •a tooec





































































































• • • •*#*#*•»
r .Z\2 -2C <r—
— ^_i «jvjo
a. jcq.'n.a. »»&.•-«












l/> 3£< i/> -J
LU 0£ uo






















XUJ SOOQ.It «H.O H-—UJO » il
— UJ»t-










CO.J <M «M «M tM 2LU.I/1 rvirg <N oj<\| (\|
<_; — U C2 C o <'X'— —— r-m— _.-. —
UJ » m m m >*- r\| f\.rg rvj—.r-i»M>Ofr, '^'NJ^Ofvj
aCI m m its ir lu *v ^•^^•v >>*-*.^•v^'x"^^
C<**- Z Z Z Z '"la ojfMpvjf\j(\jr ("^^jrjrv(NirvjCsi»f
u_i/v_? o£ a: ce a: 7<3'±i a ca £ 0.0.0.0.0.0.0.0.0.0.
i/>ujuj "EC
— Z Z Z Z —IXUJ UJLL'UJU.UJuJUJUJLLLUUJU.'U'UJ
r— »U- O C C O —it— '/I —I —J_ _J_—J_l—i—J_J—j—I—I—
J
i/>—» <j* >«• — m« * c 3 fflS.xffl^flCcsicssSiaoircQ
•—0<x 1— »— »— — u-C *^ <"«J <«i»-r<T <<«f «?<<!<
i-Oon i_) O o «J zu: ».-„—«-_^,_——momm
<•—rto ZCZ Z Zm ui—*- or nr rr a. or a. «. a at a: k a. a. at
oo—x U. «u. -u-(\ju. • t-ciQ; >>>>>>>>>>>>>>
V V. ml «»» —<(\jm NJ-ms0l*~'BlT-O-«Mr'>
i_: -<_>»<_} «u » rjjimniiixi
<iro.r^cnn— ir> >>>>>>>>>>>>>>


































• CO oc • O
^ t 3:— ^
"S. "V h- Ml
t«-N.C LL. l>^ «j" .-sr m
«^rj X>J 0—c
X » « 3 -^ ^D >
• (""IM CtC -ro-r—
--J-
vZo- c — Z^fZ -z
^of • u. or—or—at
"^. z « "v.
r» \r\ i/>a iTl f»
• —4 u« ^ -
>»z » "-*- Z •2lfv2lfl
ir>C>r »— «r cvrNC --
-—r> u'Z _r-_ m— .
-Oh • — *-- t-C(-^l--.
•UN h-»— CJ-^UM <_'"><.
>vZO < t/i Z «Z 'ZCNO- t— UJ ?irro^i-
-u. » lOO u. •u.^nu. -
Xi T n. • ir\
• t/)0 >-Ot— ><>-<M
"vx • 1/If\j(/Il—1/) •
— Z»v u •<_) »o>«.
>Min ci^iiti^
f«>_i » <<NlCfM_l »
































<•) XI— XujLLCCl— »/>
>- h-<Oi—<l—Z LU
Z i— i/>«: ll.c£oc
ll aiwsx—1/ic.c^-
X I— z*^ <—*—u.
x <./>-. jo jj •
a -JZ^''-3Z0-_|i/>XO
X— —vo— afuj </l
-1-1/113 ujh-»— »•




• >— <_; »<i/:i-^)0 v»
X — <t,o—ooa:— i—
- ere—uic c^^<
(J5 30CZUJ lu LilH
u. rot-' co-Z X
- <CU.C<1 <u.xx
LU O. ""'lOI- CLuC
» ,^k-ji/'L;<^ h-<_j
O Cul<C )— I— »•>
« et<t <~"&.h-o—z>»-
3 i/) i^SCULKW
» i/it/'L; CIsO Z
<t 2 LL 5-0 I— JZC
Z <H» f\l H-LULU<
CLU ^H-_J—> CHO
_—/-) JU' _l L. ' <•—
t-«f»-r>».ci! H- ^jU_ ;r^
<_i LtOCIZ>Z»~0















oOX ac • ac •
O LrtH- a— O—
LU LJO —a —^
















i/t -LU XZ XZ
t_> X LU LU
to. LU _l «_i
I— h-O ^ mm
</> <Z O.LU XIU
— Q£< 3CO ou
H- ^ << u.<
< _i » -4 LO^ XbO





LU SCO M -l UO
'J acz >^ <o J3
< <o * >z <z
(/) ac— f. —< ><
to LU y ce —
1
3D








LU - -* LUCC oco >.
x IX'
<
m h-<t LULL O
to- CZ f ZV»
—O H-XZO CO
LU 1/1to- • ^ — CO
z OOI/> « ^. LU o»M LULU »4 <J» GZ LUZ •
LL • XQ • k o <o oo ^»
tuz •-4 0" o oo»« <— «1*CO </lUJ ^
-o — LO>- o VIH- •o
to. OCO lA • » LU< in (/>< to
l/lh- <«l p«4 *» IM XZ » UUZ r-Z< O.L/1 * •n >» *— -4 X— a»Q_l XOO lf\ » o u>- "V 1— •
— X CLU 0* o •r < 1^1 o 3W >.
l-X oar • •a »^ O.LU -r LJLU (M
V_'— > >» « » ocC >»• « ^(X m
Zio •3 » >o<"vi>r 0*«vlTC < m fr ur^— if\ 3 LL to. to(M
X Z"» c_— cr C^UX 0O(j <_) cr o •4_'fU XUJ (_"LOO
LLl/> at » » * « » •» • / ^ to » -— to « O -c« -
to* a o. — r^—
-
>r-.ir —i""v K < N (M t\J>«.fW. ac< (^ »r^OX Xw Zfs' •7«Z C Ci/ zerr z pjZO Ci" Z^ZZK u-Z X. '<? —• ac "x. o LLU1 ac~r q: —• CC **> LL<^ ac^-oc
»» a. >^ ^» >» » LL c\ to to LU <M
31- LO— 7" r^ in \t\ t^X • ns »- VIX toCX u • » » 03 U «ri • >- U »4
_




-~3C - X"^C v. 1— —
.
rec •o OCV I— -» a «oCO •^•— TT — »»^ VttM VIM c; '/?& ~-o la-? .-^v—
L.X -cri (—•vl— V(-\l- sT — a. 1—Ml- OHM —
o
l-^3H-
X hCU t_' Oljcmo«t<_; i m i-< O •K_"lNJO •o • H-U_ '_)—
O
LU^i <»-Z ^" »z -X >zo <• LA z CCZ -Z^ZlO <tr z -zX X >-Cli_i xox •oxox ce (-C. X«X'.-iXlOXlH H-C XH-XlM
1— t— LOG.— U. N-a.3 U.OLL • (/)«- uu •UJ>~LL »a- • LO— U.3LL •
• • • >. v t •T "s. • «*
otvavasao a.CQL>va. •CO 3E>»i«s.
Q.r"Q.-anaiN or ^jql i-«ac >>cc-« OCOtJ»->O •<_ O ^J «T -<. •<i<i< « U. »4JL »ZMZTZ^Z tn unp»^i/iur\«/i -4/11M X^3X^
< rOQ. KtCOj •r «i •CCurviOrsurg <4f~C-^#•»*****•****#*•*••»»•##•»*>* ... .**»» ... . J»***.i. JJ
167

VfMTVlfX'O^U-0>0«0'*J>0 *vO~0^~ r~r^.f~P>»r»f>»r>-r>.r-.roou^3 a'U13'U tU33 lJN 'J,WN ^, J'^,U"y JHJO<JOUQUJO'jHrt-rtH
w
—UJ (_)UJ z
at • </>o Z<3 M
a— <<t 3< f-
«i —JlO <Ul 1^
*:u JW1 — IS> LU





o— </>C3 <o C3




<S)*- > ae </>
UjO »M| « a: - OlXZ OC — <— X
UJ oii/i Of -J








u-< Z— -i^ <
XlO —• UJ w*
<</» z oz
—UJ ujO <o UP)
X O— 00<-> -1
tO <)— ont- <
_ia lO< UJ< >
<z V)Z xz M4X UJ— -* oe
»N XI- U^l— o at
Ot • 101 QitO ea <
at— UJOI aai » QC
<3t <x.a 13 •^ UJ
OCU o 1/1 >» ^~
LUU. Xul V.UJ OJ z
>-x LOO O a.u r~ — •














•jo wr)X >« o o ax >. tO— "V —
Ml <— n<» — p~ UJ o LO fM >.
• lo>— Q » PW » • « * »»" uj X r- <M
Ml io< UJ— • «H •a j. — • XI- • —
"*S UJ*£ ~-*/l r»- >v v —^ m4 o O
P» a.— CO u.< y« f«. • oOU C7< —
*
a:z ct» »r
» k- p4 o — -J • » *^ LOZ • —
.
UJLU • t>
QO Uio • — LOO •>* <f\ o <I~ >» » X -J "s. •
t> uu p4 m coo. cr T -c -ja r\j —
-
h- CO «^
• \o V —
1
< — •— • » u— m ^ O <UJ -r -•
•0«»> J-C3 u. um/>»t LTV*».<\I w >o -<*1 >ov^;o 2 r- «<<v ir\ " sT-O Li.tr ~c ».o—C -C<_:fM XLD o~c Cf-o U> ur^Ci c<3t_cr =;>- t^f-C L_ ^»u - i<: UJC »
» » • • U » • * - » n i— • -O' - « » » • >— • -~- « » 11^ LO -x -c>rjr^ Ot<f sj- <r> vj- >»• ,r o* -r -- ii i — <; »«o iOO\ c •— ** u*n «m JT»-3"iT>^v at lo ^ «r».Lr>
Z"-;"^ o^ r*!^z •zrz C atco r^r ?r2o ca_' Z"VZ ^ T" ro CU. 2"^Z •
a. to. U"N u_lo or •or —« 'OS u-C < orma ct «a:in U.CU Ct vTQC or •ctm ll. r" ot-rotv.
*». -< UJ •v. V "V. — _i -^ v m —z rg ^ » (\| o
u> • LOT <7» r"i nO loaro » in ^• ut^r » -a urv LOO • —-
• r~ U • » • wO-_! <"y » GO ua.
i
r«- •> cr uz OJZ-ZO1 M - Z-rzeZNZ *— —
-
z^zmz^z t -~ ^* 2-OZ nz xiz . ~< Zf-Zro
c>o • -—
»
cereJCJC fc-u_ r »o »c^;t >v ^-U.' d *~^ CH Q*v h- c «CLn
— •—
-V l-"1 M • •— t«— •— lo-j; z ^.^v-——<~- •- • £• i/"_ X m\m .^1— t—
c
LO •• —.>»— •
t-'vf-O —'J h-«s.t— Sf-Vt- — <jv— —— »— 'N.t— »».- rr\ — <T>- 1— -Ot- ><>-•>.»— "M i i * I—Or-N
0<*^U— I— U. lJ OO^Jl_)iMt_'lTv *— too LJ—<_(M<_(M(_ i » - VIC? (_;—.(_ tNH_)<^'u » I—
X
O—U«M
z .z « <~ 21 »•_ .Z »Zf\4 •<i^Z i* »«- -^ »2 <l/lj z »e -z -z — < ^ X -z »
XO*r>Ln *-e_ — a'jj 3-^;o;
-O t-UJUj — ^«.
—
•t~ M~» t-n x^ixr»
lkOU.01 lO— U.3v U.O-U.>flL- Ull-I U.OU.VU. su. • ulXJ U.-"iU. 3"U- "C Li. • lO~» U.OLU-4T
• * • • • V • • • >s t • » *v • •JMV jivjinj:v30 WUINl/lVlrtO •v. ^





U. Mi. > u, • _ »ll »u. - —i »—
i
•—i »-j 1 • 2 -r •z •z » X »x ••
Tr\jXC1 ItfM'^r>ci^ unuwuifluifl X«J-X aszj-ax-* Ssojb^s
Qrr»_JC <tr-o.CC——JC* «-facCN- — «trMQ.r"Cr-— IM <»TQO
•***#** • • • .»*# . • . .+ ****» ... .***.»-»-»
168

en .01— 30 57*0—
«
(njci^
-«.or~ ooiao^ cgm -run or- a 3>o-iMr»i -^ trior* raJO-^Mfn ^riA-o^-a^O'^'Niro-Tmo^-coc^o
—
———M r^rgrMt\j"\j ojrwr>j eg nf*"»mm mmmmp)m>f'X*T^^^^-y^^ l^or\LnLnr\jv.ninu'iin*u-*j'*JOO>oO'0 >w>or*
f- > £
— - O
I o£ • — « •— •
tut- 0-» at— fC"
•
OO —at QJ 3.CO
<Z 0C>- — O. X
COLU CL~ 0C3 LUZ
cO_J v» a.t— O 1-1
JJ OJ_i _l <t_i
TUJ O— LU— 00—O < O CO
»< ooX <X LL.Z
-•«/) oo»— «/»- Th-
ZCO LUO cOO O
OUJ IZ LUZ «z
Ot£ UJ £UJ —UJ
«X »_J -J C0_J<Q — « X
—Z CCLU —UJ ZUI
< (—O -JO »'J
(/I —< Cc< <<
_j » COCO SCO —CO
<— <!/) -«/> I/)
»Z — LU <LU COLU
—O Z — X. _iX
eeoe </> <
Ot< JO COO 3»Q
<Q <Z -1Z —
Z
ac— X << ac<
ai — >
-r oc
*-Z OC » — » 1A < «ZO 0C-» at— » at—
—
— <Q£ QC -J -. LUCO
- CCV- <Q. >» H-X
u-)< uj— ii a> zz
L5Z I— </> LUh- vf O —
*
<—• ZQ (—Q » -0 Q




LULU LUZ Z • —< >» <Z
m xa uo luq "v « o ooj
<\» <— o— -o -< ltv ci—
—< Olil cot— <t— m v. . LU|-.
» ZO 00< oO< » MO X<
—« X< —^ sflZ fvj —* y Z
«x. ow X*- u.— a» » • lu—
O OtcO K- XH- • vfi> *v cot— -OO 0'4J atcO O 00 >«. CJ* O Xoo A
-* *vX CUJ Ift — LU O • **• XLU »
» at »-C -• O.X ro "v •• IC -«
mr- — « «y-o<M *t tr\ •— «y •**• pn rr i r~ ra -o— ^-^ 2 Lf>»(*> oU^ <— <_'ir\C C i_> lolu ci-^O. C O >-uj t;»-'C C— <_;-o "-lu <_)<rc O
• • Z «.»«• O »*^ « « • '- ~"B » » • « • (.9 "-^ » »
f^*». or l: i-<f~ »^ar cc<i —loos — ~> a < t\j •— (^Jf^Jf^J•v u.<i « »<\) <*>
2*u> Ca ?"^2 x »z c/ z»^x z z c</- r>»z z?rc r^ z^z z
orr- a.«r ocxac cf— oc lllo ot--qc ac er ll</! o£>*-ar a •aero lloo at'T'Oi at
• a.«f^ LU» LTl LL'f>Jv.» Uj»
m (/i— i > up i/ir m <m vit •> k. m 003c ^h-Lj as •Oljct* •oa »loo>^
Z • — >• • ZXZ Z-Ty^<r — » 2 «Z Z^Z- — •• X>-X ZLTlZ • — •• ZfNJZ ZQ"v h-— —
• x «c x^-o • —— c^g c "X"»v (—— c «c c*-r:"v >—— c »cmc
— /^ uo— Z »—^«— — •— -^ L^ac MC — r<>——— *^5 LO _j *—^^ — I1*"*— «i-*0 oTLO *^ <C»-« »—
-iT* •— KC^ h-OI- ^v.k-^ "-f— — C*v— •+- ^.t— f\J —C *-r-J\— »f-^>—<M »-X t— 'I" '**
u • v-Cj. >_;—<_; cncO ^-— o »o--i_<mo » ^-s o—o—o-olj - *-z ,_",vlj %^o
Z»- <I— «S X »X ~ >Zn <L1 2JZVZ -^r~ <t- ^ >ZsZ .ZO <t— ZvOZCgZ
X^t H-ai_j xox^xo'x • »— a. r5^M;iA~to t— a. x^'XMxarxLn >— a. x —x »X
ijL • L/^CL— LL..TtU. •<— x3Li_ O l/>— U. »i— 'U..1U. • CO— -^*-a- -LLOU. * CO— ui. »LL CO LL
t*> 2\zvz\Z • cecTNas •«"vaco _j>»_j «_j"».—o co «co »co
fM 'jcoo^o-^av i——t-^»f— -»h-— o.voa.'^a. >r a.— x>»x>»x
x » or •at -a -ao — —«— — » s -i—3 «3 Z^Z-^Z3^ <nr>«ir>"<Lr\<pv cor»co «^^wo i-sh «^-^f_^- •- ~— •—
-j«* <<mq.^-cm_j • <nr\a.^-c ^_iao •sira.r^co—im <«ta.irO
•****-* ... o»** + * * • • . .*»#*+ ... •<»#»*•»* • t
169

—kmm^rtn^'"- :00scj—• (\im.rg"<>0N.cDtf> o-<cgrn.ru">,3'~-n'j-'O —ic\tr\-r\s\*or~ oj'O-.rgo-i.rin ,or-ao<j<cj-*f\ir«-\>ru"»gjr»
—< —i—< —i—> -4—<—<—•<— —«-« —• -*——• —i -<•- ~t——i— —< —i—._i —• —4 r\j rg rg (Mrg rgeg rg rg rg rg -grg rg rgrgxrg'vjrgrgrgrgrgrgrgrgrg
<A X


















_J • UJ< -•jjq
<-» XZ <l— UJ









in z xlo uj <
ro UJUJ XUJ XOOfl.
O.J XX ~t-
-• •» O >—«UJ
-v i/ttu u • —
x
O «"0 — UJ*I—
• Xt/> OU 28.1/1
u"» i/> 0£U Q. «-
J> H-UJ t-Q. IV)
• iyix 2— 0<*<,>J
•s. < o _> a.
irt i_)Q <->> X
oj az k >^uj •
o • << a- • .ut-o
— —• C Zo£-» _Ji/JO
. aO at •> <oo B>-o
-• • t2— U"\ X>—*J <JooCT>
N. >» h- en XIXO —
n-n-c u.i/1 •?•-*%*• r**. C.Q- —
'
rg rg rg rg o.U.t/1 rgrg rg rgCg (<g
*<js\i :u o «o <j tj — o o c o <r— —— r^m— —> t-» —
.
9 - •» S •—* "O • uj • • « • >t— (MrvjfMcvj__. rgsOmrgrggjrg
• r^rg ar »j"»»j»--*r eC" in m tr> m UJ s«,>v'^>» >v»vv.-w.-«v ->»."v«x
"vZ^ C -^ ?cr »Z C<:t— Z Z Z Z era (M(\.<\j(\irgr-jMfvP. , rg<M(\.rg^f
-oe • u. at(Moc'-<L£. llwi'J o. a oc oc Z'jtu n.o.e.a.n.Pi a. o. o. a. a. a. o. a.
» "». Z — ^ ooZ —XX
f~ in ooC » "• ootuUJ ^C
• — u— ^ • OX_J cao\2 - —t— Z**-ZinZm — Z Z Z Z —IXUJ UJUJU.UJU.UJU.JLIU.-UJUJLJUJUJ




»Min oor' —<»»- •»- - uo—.o — — — — ex ere-. — -ot-^c ics^sffcoea
Oi— • —•— hokv^-1 —i_'«r — »— i— v— u.:? <t <t <»*r.-r<i •;<»<»<'< <<t«i
•UN K-H- OI?O^OV 1-CWl «J _> O O ZUJ —»_——».—.———»-„—^_^
.
\20 <</i Z -Z »ZO <tu«i ZOZ Z Zin uj.— *— Lxtror a-occr cc_i.a oc oicrotoc
pgX— »— uj xu-xox—« t-<u' X-0X<MX on XX«* <t«T<r<r<<r<<<<<f«t<<
•u. • ooc U. >u.iru. • uo^-x u. -a. »u.rgu. » h-c:ql >^>>>>>^>>>>>>>
•loo t— JTih-'vH-og «v ^ •- «v —' PjCvfin «N-«cro«-«<M(*>
hZ\ «J »0 »0*n i.r'u •O^^VJin i/ «/s f-c'iro'i/iu'.'(/-v; OcT^i/)




1. United States Coast Guard Headquarters Project Master
Plan Narrative For Communications Station Automation,
G-D 2000A (Rev. 8-80), dated 17 May 1982.
2
.
United States Coast Guard Headquarters Resource Change
Proposal 9810 For Communications Station and Communications
Center Automation, dated 9 March 1982.
3 United States Coast Guard Communications Station San
Francisco Organization Manual, dated 9 May 1980.
4. COMPACAREA System Control Station San Francisco Proposed
Operational Requirements for the Message Processing
System, undated.
5. Schriber, Thomas J., Simulation Using GPSS , John Wiley
and Sons, New York, 19 7 '4.
6. Bobillier, P. A., Kahan , 3.C., and Probst, A.R.,








Defense Technical Information Center 2
Cameron Station
Alexandria, Virginia 2 2 314
2. Library, Code 0142 2
Naval Postgraduate School
Monterey, California 9 3940
3. Department Chairman, Code 54 1
Department of Administrative Sciences
Naval Postgraduate School
Monterey, California 93940
4. Asst. Professor Dan C. 3oger , Code 54Bk 1
Department of Administrative Sciences
Naval Postgraduate School
Monterey, California 93940
5. Associate Professor Alvin F. Andrus , Code 55As 1
Department of Operations Research
Naval Postgraduate School
Monterey, California 9 3940
6. Commandant (G-TPP) 4
Attn: LT S. P. Wolf
U.S. Coast Guard
Washington, D.C. 20590
7. Commandant (G-DST-3/54) 1
Attn: LT J. Lentz
U.S. Coast Guard
Washington, D.C. 20590
3. Commandant (G-PTE-1/TP41) 2
U.S. Coast Guard
Washington, D.C. 20590
9. Commander (ee) 1
Attn: LCDR Stoeger
Twelfth Coast Guard District
6 30 Sansome Street
San Francisco, California 94126
10 . Commanding Officer 1
U.S.C.G. Communication Station
San Francisco - NMC
P.O. Box 560











model of the message
JL'&pstfJtching systf^Vs5!?
11 JAW pp 3 3 U 0<?
17 MH 87 3 2? 07












,,^!T ications traffic flow simulation
3 2768 001 90582 1
DUDLEY KNOX LIBRARY
rata
mm
